PC32850A INJECTABLE DEPOT FORMULATIONS AND METHODS FOR
PROVIDING SUSTAINED RELEASE OF NANOPARTICLE

pc328506k OMPOSITIONS FIELD OF THE INVENTION The present invention relates
to pharmaceutically active compounds. The 5 present invention particularly
relates to ziprasidone, including nanoparticles of ziprasidone, especially
nanoparticles comprising one or more surface stabilizers, and formulations
comprising nanoparticles of ziprasidone. The present invention comprises a
pharmagguti¢akferorraticn rMUIDIISHE AOPMPABIEseir¢irdIgvthe group

consisting ofZ{RragIEe 16 RAIPS A RARYPA & YEERIR-BaHEIRSIZE; a carrier;
10 and optionally a surface _siapilizer, for example at least two surface

stabilizers. The present iny es methods of treatin
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practice, zpraS{don? IS a lProwﬁd for administration twice Ida_il%_ln the form of
an imiedia %S'F'e'P&?sé"ﬁ?g Capsuite'for Acute adidteAgEr 28 tréafnent of
$ehizapshreizparistsierRaiial R MtiBrRAIRe 2ipradiee s8I Zdminktered
in intraesesculeninm Rt atemerless e ¢IRin i clientiforpsyihese utéh copltral of
agitatomdntbehizophtesies patienisy Atypacalnamitpsychotics such as
ziprasidone are associgieskwith lQuwesr natdRpeRBbFIde effects, particularly

extrapyramiglg) SYRRLMS, (FF 2 GG 58%, e SR.RIPIONged sedation, and

nonresponsiveness, with greater efficacy in treatment refractory patients.

These bene NRittributes are thought to be related to the antagonism of
both Dz a A receptors which is characteristic of atypical
antipsycho bwever, one major problem associated with the long-term

treatment of|schizgphrenics is noncompliance with medication. Indeed, it is
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It is disclosed in U.S. Patents No. 4,831,031 and No. 5,312,925.

Ziprasidone has utility as a neuroleptic, and is thus useful, inter alia, as an

antipsychotic. In current practice, ziprasidone is approved for administration twice

daily in the form of an immediate release (IR) capsule for acute and long term

20 treatment of schizophrenia and for mania. Additionally, ziprasidone may be

administered in intramuscular immediate release (IR) injection form for acute
control of agitation in schizophrenic patients.

Atypical antipsychotics such as ziprasidone are associated with lower

incidence of side effects, particularly extrapyramidal symptoms (EPS), excessive or

25 prolonged sedation, and nonresponsiveness, with greater efficacy in treatment-

refractory patients. These beneficial attributes are thought to be related to the

antagonism of both D, and 5HT,, receptors which is characteristic of atypical

antipsychotics. However, one major problem associated with the long-term

treatment of schizophrenics is noncompliance with medication. Indeed, it is



-2- conventionally thought that substantial numbers of schizophrenic patients
are not or only partially compliant with their medication. Poor compliance can
cause relapse into the psychotic condition thereby negating whatever
benefits were achieved through treatment in the first place. 5 Where patient
noncompliance is an issue, long acting désage forms of medication are
desirable. Among such forms is the depot formulation, which, inter alia, may
be administered via intramuscular or subcutaneous injection. A depot
formugtienibnapasiall: mamidaiasiiohrmddeslow-aheorptianeatsthr doug from
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modifietisyegdordedsincam aenoegft! sofficieasitg nnaiataincaelefiereduparticle
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solubility crystalbpgedryg sHstanceg tamichicosUbRes meadiiar sagsorbed
inan. 28 91%%% g)@ g}xmlntam a defined patrticle size. U.S. Patent No.
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escribes an injectable nano
insoluble crystalline drug to hICh a surface modifier is adsorbed in an amount

sufficient to maintain a defined particle size.

U.S. Patent No. 5,145, 684 (granted September 8, 1992) describes low

solubility crystalline drug substances to which a surface modifier is adsorbed in an
25 amount sufficient to maintain a defined particle size.

U.S. Patent No. 5, 510, 118 (granted April 23, 1996) describes a
homogenization process to obtain sub-micron drug substances without milling
media.

U.S. Patent No. 5, 707, 634 (granted January 13, 1998) describes a

30 method precipitating a crystalline solid from liquid.

U.S. Patent Application Number 60/585411 (filed July 1, 2004) describes a
high pressure homogenization method to prepare nanoparticles.

WO 00/18374 (filed October 1, 1999) describes a controlled release
nanoparticle composition.

35 WO 00/09096 (filed August 12, 1999) describes an injectable nanopatrticle
formulation of naproxen.



formulation of naproxen. -3- Accordingly, a need still exists for new drug
therapies for the treatment of subjects suffering from or susceptible to
psychosis - particularly, a long acting form of an atypical antipsychotic
providing a suitable therapy that minimizes side effects while enhancing
patient compliance through a reduced dosing regimen. However, 5
ziprasidone is poorly soluble. While depot antipsychotics may reduce the risk
of relapse, and therefore have the potential to lead to a greater success rate

in the treatmeBlaPEHChIRARIAINASEON A NGoAREIRRRSI NG deRAlwit
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a depot formulation for administration via intramuscular or. subcutaneous
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amouiiraeiiene asnusnchs ele etad ez prasigansian sLaidhaexaeatically
accepiable saltcpf ziprasidone, which compound has a maximum average

particle size, and (2) a phgimassutically accepiahle carrier. In another
embodiment, the formulaﬁu—w_ﬁlon comprises (1) a pharmaceutically effective
amount of d"topotiREselBetEEHEM W'Y odﬁ'%ﬁré%iaaorioé‘ﬁﬁ'&]a%?”"ca'
pharrPEBe iR Ny RES B EPRS SallE tPlefaS R NRTEH CAbNAS AP A £ aprERimum
averagyiaplarficlesize, 2)apHaméteuticalymasoeptable daraiersald ¢8) at
least aneusdacarialmizene npnaihier £ nhediaienii thentaomulaiiemeonsists
9& at @ﬁ%&i%%ﬁ@&@ p%ﬁggigéé.s- Iﬂ-gﬁefgmiﬂ%ﬂsfhgfiﬁo&tion comprises a
pharmaceutical formulation comprising (1) a pharmaceutically acceptable amount
of a compound selected from ziprasidone and a pharmaceutically acceptable salt
of ziprasidone, which compound has a maximum average particle size, and (2) a
pharmaceutically acceptable carrier. In another embodiment, the formulation
30 comprises (1) a pharmaceutically effective amount of a compound selected from
the group ziprasidoneand a pharmaceutically acceptable salt thereof, which
compound has a maximum average particle size; (2) a pharmaceutically
acceptable carrier; and (3) at least one surface stabilizer. In another embodiment,
the formulation consists of at least two surface stabilizers. The formulations of the
35 invention may, for example, comprise from one to ten surface stabilizers, preferably
two to five stabilizers. In another embodiment, the formulation consists of two



35 invention may, for example, comprise from one to ten surface stabilizers,
preferably two to five stabilizers. In another embodiment, the formulation
consists of two -4- surface stabilizers or three surface stabilizers. In still
another embodiment, the formulation consists of two surface stabilizers and
a bulking agent. In another embodiment;the present invention comprises
processes for preparing such a formulation. 5 In another embodiment, the
present invention comprises the use of such a composition as a medicament
in thestreatmentiodpsychesisusrizephrenria, nsahizaaifactivediserdans,
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surface stabilizer. In another embodiment, the nanopatrticles of ziprasidone
& naRBBYAR S YA BRIl Eg‘ﬂ‘i'/a%%”cé‘ﬁ‘fa%ﬁ%S%‘prg‘éﬁ%f%?r?e%%%%emprise
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its praghigaliappligationhsmibaleiersskilied indbe At maradaptandapply
tge InyeRlinns,in_ e DHMEIRS fo5ms, as gy may he Beshaited toghe
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pharmaceutically acceptable ziprasidone salt comprise at least two surface
stabilizers.
25 DETAILED DESCRIPTION OF THE INVENTION

This detailed description of embodiments is intended only to acquaint

others skilled in the art with Applicants’ invention, its principles, and its practical
application so that others skilled in the art may adapt and apply the inventions in
their numerous forms, as they may be best suited to the requirements of a
30 particular use. The invention, therefore, is not limited to the embodiments
described in this specification, and may be variously modified.
A. Abbreviations and Definitions
Table A-1: Abbreviations

API Active pharmaceutical ingredient

AUC Area under the curve

Crax Maximum serum concentration of compound
CPB Cloud point booster




API Active pharmaceutical ingredient AUC Area under the curve Cmax
Maximum serum concentration of compound CPB Cloud point booster -5-
DLS Dynamic light scattering D[4,3] Volume average diameter EPS
Extrapyramidal symptoms F Bioavailability FB Free base Form. Formulation
Gy Gray - a measure of irradiation dose “#H Hours HCI Hydrochloride salt IM
Intramuscular IR Immediate release Mes Mesylate salt MI Milliliter MW
Molecular weight Ng Nanograms Nm Nanometer NMP

N-methyt-pyrrotigigne  PEG Ppiyethytene giygric ffht BiaERrgcokinetics PVA
Polyvinytaleohat RVPPolyvinylpyrretidete PVP-C15 A-particttar-graceof
PVR_PVP K30 A'particular arade aof p\/ﬁggma\ggg’gﬁ:ﬁ’rﬁ%%mm minute| RPS
Reduced partic Size SA/V Surface areB{GRGHINE PYIBEBECD
Sulfpbutylether-(3-cyclodextrin SLS Sodium |&igayedefifidye tia Terminal
elimjnation phas® half-life Tmax Time to maxirmeabsgrum concentration of
compound Form. Formulation
Gy Gray — a measure of irradiation dose
H Hours
HCI Hydrochloride salt
IM Intramuscular
IR Immediate release
Mes Mesylate salt
Ml Milliliter
MW Molecular weight
Ng Nanograms
Nm Nanometer
NMP N-methyl-pyrrolidone
PEG Polyethylene glycol
PK Pharmacokinetics
PVA Polyvinylalcohol
PVP Polyvinylpyrrolidone
PVP C15 A particular grade of PVP
PVP K30 A particular grade of PVP
RPM Revolutions per minute
RPS Reduced particle size
SAIV Surface area to volume ratio
SBECD Sulfobutylether--cyclodextrin
SLS Sodium lauryl sulfate
tio Terminal elimination phase half-life
Tmax Time to maximum serum concentration of
compound
viv Volume by volume
VD¢ Volume of distribution at steady state
wiv Weight by volume
Z - Com. Ziprasidone compound




v/v Volume by volume VDss Volume of distribution at steady state wi/v
Weight by volume Z - Com. Ziprasidone compound -6- The term "compound"
refers to a form of a therapeutic or diagnostic agent which is a component of
an injectable depot formulation. The compound may be a pharmaceutical,
including, without limitation, biologics suth as proteins, peptides and nucleic
acids or a diagnostic, including, without limitation, contrast agents. In 5 one
embodiment, the compound is crystalline. In another embodiment, the
compound ighaneanPbakisoulYYRi-ANRthesRpROgneBGIthE GaRRaLAGE a
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chemically react orm a_covalent b ug substance
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crosstirfeRFese Rt itself or other surface stabilizers in a formulation and/or
when adsorbedtentdsedrmpeahitzsliréacesd lreeipreftase dtxsvesn hodiarednt of
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anothecessarily form covalent crosslinkages with itself or other surface stabilizers in a
formulation and/or when adsorbed onto compound surfaces. In a preferred
25 embodiment of the invention, a surface stabilizer on the surface of a compound or
otherwise in a formulation of the invention is essentially free of covalent
crosslinkages.
In one embodiment, a first surface stabilizer is present in an amount
sufficient to maintain an effective average particle size of the compound. In a
30 second embodiment, one or more surface stabilizers are present in an amount
sufficient to maintain an effective particle size of the compound. In another
embodiment, a surface stabilizer is a surfactant. In another embodiment, a surface
stabilizer is a crystallization inhibitor.
The term “surfactant” refers to amphipathic molecules that consist of a non-
35 polar hydrophobic portion, exemplified by a straight or branched hydrocarbon or
fluorocarbon chain containing 8-18 carbon atoms, which is attached to a polar or

ionic portion (hydrophilic). The hydrophilic portion may be nonionic, ionic or



embodiment, a surface stabilizer is a surfactant. In another embodiment, a
surface stabilizer is a crystallization inhibitor. The term "surfactant” refers to
amphipathic molecules that consist of a non- 35 polar hydrophobic portion,
exemplified by a straight or branched hydrocarbon or fluorocarbon chain
containing 8-18 carbon atoms, which is aftached to a polar or ionic portion
(hydrophilic). The hydrophilic portion may be nonionic, ionic or -7- zwitterionic
and accompanied by counter ions. There are several classes of surfactants:
anionigieationien @RRBAKRMed NYNIBMEANAPOlYRIRT g ke £asaLE BoONionic
and ROAREHE SHIAEIaRlSna %m&lstéwfﬁmmryﬁavd%grpgﬁp%wh@@é@fﬁd as
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5 properly classified 1n thiS mannér are ENs oxide ES ene oxide
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Erdstear%? sorbitan trioleate, polyoxyethylene (20) sorbltan monolaurate
polyoxyethyrene ‘20) sorbitan 25 monopalmitate, polyo Iene

sorbitan monG&tRErate SﬁSWWethy’l’é%@?ZO)WtB?B tanII oIezS'P )
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CarbO)Sthetth(ljcr:%I!) elzgtse'z polyoxyethylene (20) sorbitan tristearate, polyoxyethylene

(20) sorbitan trioleate, linolin, castor oil ethoxylates, Pluronic® F108, Pluronic®
F68, Pluronic® F127, benzalkonium chloride, colloidal silicon dioxide, phosphates,
sodium dodecylsulfate, carboxymethylcellulose calcium, carboxymethylcellulose
30 sodium, methylcellulose, hydroxyethylcellulose, hydroxypropylcellulose,
hydroxypropylmethylcellulose, phthalate, noncrystalline cellulose, magnesium
aluminate silicate, triethanolamine, polyvinyl alcohol (PVA), tyloxapol®,
polyvinylpyrrolidone (PVP), sodium 1,4-bis(2-ethylhexyl) sulfosuccinate, sodium
lauryl sulfate (SLS), polyoxyethylene (35) castor oil, polyethylene (60)
35 hydrogenated castor oil, alpha tocopheryl polyethylene glycol 1000 succinate,
glyceryl PEG 8 caprylate/caprate, PEG 32 glyceryl laurate, dodecyl trimethyl
ammonium bromide, Aerosol OT®, Tetronic 908®, dimyristoyl phophatidyl glycerol,



30 sodium, methylcellulose, hydroxyethylcellulose, hydroxypropylcellulose,
hydroxypropylmethylcellulose, phthalate, noncrystalline cellulose, magnesium
aluminate silicate, triethanolamine, polyvinyl alcohol (PVA), tyloxapol(r),
polyvinylpyrrolidone (PVP), sodium 1,4-bis(2-ethylhexyl) sulfosuccinate,
sodium lauryl sulfate (SLS), polyoxyethy®ene (35) castor oil, polyethylene
(60) 35 hydrogenated castor oil, alpha tocopheryl polyethylene glycol 1000
succinate, glyceryl PEG 8 caprylate/cap rate, PEG 32 glyceryl laurate,
dodegyctyisn@indciiamoBisen fEAud @5dé®rosghm&r)p@etfmak‘s 98¢0,
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Ethylene oxide-propylene oxide copolymer
prepared by reaction of poly(oxypropylene glycol)

(difunctional) with ethylene oxide
(EO)n(PO)m(EO),

Ethylene oxide-propylene oxide copolymer
prepared by reaction of poly(oxypropylene glycol)
(difunctional) with mixed ethylene oxide and propylene

oxide, giving block copolymers




Table A-2, immediately below: Formula Components of block copolymer
Ethylene oxide-propylene oxide copolymer prepared by reaction of
poly(oxypropylene glycol) (EO)n(PO)m(EO) (difunctional) with ethylene oxide
n Ethylene oxide-propylene oxide copolymer prepared by reaction of
poly(oxypropylene glycol) (difunctional) With mixed ethylene oxide and
propylene oxide, giving block copolymers -9- Formula Components of block
copolymer Ethylene oxide-propylene oxide copolymer prepared by reaction
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assist in defining embodiments of the invention. The term "crystallization
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a selected paEHYWalSESRIHRIR HRBEHARers to a polymer or other substances

10  that can substantially inhibit precipitation and/or crystallization of a poorly water-

soluble drug. In one embodiment, a polymeric surfactant is a crystallization

inhibitor. In another embodiment, the crystallization inhibitor is a cellulosic or non-

cellulosic polymer and is substantially water-soluble. In another embodiment, the

crystallization inhibitor is HPMC. In another embodiment, a crystallization inhibitor
15 is polyvinylpyrrolidone (PVP).

It will be understood that certain polymers are more effective at inhibiting
precipitation and/or crystallization of a selected poorly water soluble drug than
others, and that not all polymers inhibit precipitation and/or crystallization as
described herein of every poorly water-soluble drug. Whether a particular polymer

20 is useful as a crystallization inhibitor for a particular poorly water soluble drug
according to the present invention can be readily determined by one of ordinary
skill in the art, for example according to Test |, depicted in Table A-3:
Table A-3: Method to Test Crystallization Inhibitors for Efficacy

Step 1 A suitable amount of the drug is dissolved in a solvent (e.g.,
ethanol, dimethyl sulfoxide or, where the drug is an acid or base,
water) to obtain a concentrated drug solution.

Step 2 A volume of water or buffered solution with a fixed pH is

placed in a first vessel and maintained at room temperature.




others, and that not all polymers inhibit precipitation and/or crystallization as
described herein of every poorly water-soluble drug. Whether a particular
polymer 20 is useful as a crystallization inhibitor for a particular poorly water
soluble drug according to the present invention can be readily determined by
one of ordinary skill in the art, for exampf according to Test I, depicted in
Table A-3: Table A-3: Method to Test Crystallization Inhibitors for Efficacy
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A technician performing Test | will readily find a suitable polymer
concentration for the test within the polymer concentration range provided above,
by routine experimentation. In a particularly preferred embodiment, a
concentration of the polymer is selected such that when Test | is performed, the
apparent absorbance of the second sample solution is not greater than about 50%
of the apparent absorbance of the first sample solution

Most surface stabilizers are described in detail in the Handbook of
Pharmaceutical Excipients, published jointly by the American Pharmaceutical
Association and The Pharmaceutical Society of Great Britain, the Pharmaceutical
Press, 2000. The surface stabilizers are commercially available and/or can be
prepared by technigues known in the art. Presentations of exemplary surfactants
are given in McCutcheon, Detergents and Emulsifiers, Allied Publishing Co., New
Jersey, 2004 and Van Os, Haak and Rupert, Physico-chemical Properties of

Selected Anionic, Cationic and Nonionic Surfactants, Elsevier, Amsterdam, 1993.



by routine experimentation. In a particularly preferred embodiment, a 5
concentration of the polymer is selected such that when Test | is performed,
the apparent absorbance of the second sample solution is not greater than
about 50% of the apparent absorbance of the first sample solution Most
surface stabilizers are described in detailin the Handbook of Pharmaceutical
Excipients, published jointly by the American Pharmaceutical 10 Association
and The Pharmaceutical Society of Great Britain, the Pharmaceutical Press,
2000. The stifasenstaiklizera aspomidietoaibnavailaale andiancan be
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Eﬁrtiqg%zgy 90% of the particles have the defined particle size. In yet another
embodiment, at least 95% of the particles have the defined particle size. In another
embodiment, at least 99% of the particles have the defined particle size. In other
embodiments, different measurement technigues may be employed — such as laser
diffraction.

30 B. Formulations

The present invention comprises, in part, a novel injectable depot

formulation of ziprasidone. The present invention also comprises a method of
treating psychosis, schizophrenia, schizoaffective disorders, non-schizophrenic
psychoses, behavioral disturbances associated with neurodegenerative disorders,

35 e.g. in dementia, behavioral disturbances in mental retardation and autism,
Tourette's syndrome, bipolar disorder (for example bipolar mania, bipolar

depression, or effecting mood stabilization in bipolar disorder), depression and



weight, have a patrticle size of less than the indicated size. In another
embodiment, 25 at least 90% of the particles have the defined particle size.
In yet another embodiment, at least 95% of the particles have the defined
particle size. In another embodiment, at least 99% of the particles have the
defined particle size. In other embodimérts, different measurement
techniques may be employed - such as laser diffraction. 30 B. Formulations
The present invention comprises, in part, a novel injectable depot
formulatiap af zipsasidengeclh@desenkinyRBsiNHtsaRoMBteapREaathod of
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25 In another embodiment, at least two surface stabilizers are adsorbed on
the surface of the nanopatrticles.

In another embodiment, at least three surface stabilizers are adsorbed on
the surface of the nanopatrticles.

Pharmaceutically acceptable salts are comprised of acid addition salts and

30 base addition salts, as well as hemisalts.

Suitable acid addition salts are formed from acids which form non-toxic
salts. Examples include the acetate, adipate, aspartate, benzoate, besylate,
bicarbonate/carbonate, bisulphate/sulphate, borate, camsylate, citrate, cyclamate,
edisylate, esylate, formate, fumarate, gluceptate, gluconate, glucuronate,

35 hexafluorophosphate, hibenzate, hydrochloride/chloride, hydrobromide/bromide,
hydroiodide/iodide, isethionate, lactate, malate, maleate, malonate, mesylate,

methylsulphate, naphthylate, 2-napsylate, nicotinate, nitrate, orotate, oxalate,



average particle size of less than about 2000 nm; b)a pharmaceutically
acceptable carrier; and c) a surface stabilizer in an amount effective to
maintain the average patrticle size of the nanoparticles. 25 In another
embodiment, at least two surface stabilizers are adsorbed on the surface of
the nanoparticles. In another embodimeng; at least three surface stabilizers
are adsorbed on the surface of the nanoparticles. Pharmaceutically
acceptable salts are comprised of acid addition salts and 30 base addition
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25 (i) by removing an acid- or base-labile protecting group from a

vl Ci

suitable precursor of the compound of formula | or by ring-opening a suitable cyclic
precursor, for example, a lactone or lactam, using the desired acid or base; or

(iii) by converting one salt of ziprasidone to another by reaction with an
appropriate acid or base or by means of a suitable ion exchange column.

30 All three reactions are typically carried out in solution. The resulting salt
may precipitate out and be collected by filtration or may be recovered by
evaporation of the solvent. The degree of ionization in the resulting salt may vary
from completely ionized to almost non-ionized.

In still another embodiment, the compound is ziprasidone free base.

35 In still another embodiment, the compound is ziprasidone mesylate. In

another embodiment, the compound is ziprasidone mesylate trihydrate.

In still another embodiment, the compound is ziprasidone HCI.



20 cases, non-stoichiometry will be the norm. Pharmaceutically acceptable
salts of ziprasidone may be prepared by one or more of three methods: (i) by
reacting the compound of formula | with the desired acid or base; 25 (ii) by
removing an acid- or base-labile protecting group from a suitable precursor
of the compound of formula | or by ring-dfiening a suitable cyclic precursor,
for example, a lactone or lactam, using the desired acid or base; or (iii) by
converting one salt of ziprasidone to another by reaction with an appropriate
acid or basenQbydNeARsifeA: ¥ RN AXGhaBgRERIH B8R 3RIME three
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embadiment. e F%@@&HE&AE AIREASIARAE 4dGlridid <11 nRIakSMBadiment

of the com%ound %omp%und Is crystalline. | n still another embodiment,
1500 still an odi e _nanoparticles have average particle
the compouncﬂs crys fiine 2|praS|done”faeeP%ase RSt another

EPnbotfitnesthBaaRApB UREC S BryR iRkt £SiaetaeHe byl AR on 4tiAs
anotherembcyirenat peheieosapoinidss drystalinne Z9rasiddnstHiGhosén
anothetbeabedinhe maodthecinjactable depaideumidiatian, othess than about
pharmagcgytically acceptable carrier is water. In another embodiment of the

injectable dﬁP oL '%bf?:&%qé?] g tﬂ&t'?rlg%t%éhﬁeﬁffm%@%%&a

average partic e SIZE O less than a OUt nm. In st

&b BRI IR RSO SHAIRIE 8IS KR TR PRGE FRAIRE £8°478D Teds than
abouﬁti'omth?ﬁ embgﬂméﬁofh%r‘”é?ﬂ%%ﬁﬁ?e?ﬁ"%r%‘ TAFEpRaREISS ﬂé‘—“véfoah
averagpeypazficie sizkoofieEsnthan about 500 nm. In still another embodiment,
the nanopairticlesihavecananesagapankclesizsef legmthamalnadt, 3H@ nm.
In stil} anpthri-smhrdiment afdheinirctahlie dapat fnulation.ethg okrr
E‘é‘“oen%t'%'%%nﬁ‘%}q’g amnaysIRde padicle 5 %aesﬂi{(?nmfae 128 . 19, aguit 400
nm. In_still another embo |ment the na opartlc es have an average partlcle

size PBIFISIE 320Y1630 t8about 350 nm.

In still another embodiment, nanopatrticles have an average particle size of
about 120 nm. In yet another embodiment, the compound is crystalline ziprasidone
HCI and the average particle size is about 120 nm.

25 In still another embodiment, the nanoparticles have an average particle
size of about 400 nm. In yet another embodiment, the compound is crystalline
ziprasidone mesylate and the average particle size is about 400 nm.

In other embodiments of formulations of ziprasidone free base or
ziprasidone salts described above are the following sub-Formulations.

30 (References to ziprasidone, herein, unless otherwise indicated, refer to ziprasidone

free base or a pharmaceutically acceptable ziprasidone salt.):



In another embodiment of the injectable depot formulation, the nanoparticles
have an average particle size of about 250 nm. In yet another 20
embodiment, the compound is crystalline ziprasidone free base and the
average particle size is about 250 nm. In still another embodiment,
nanoparticles have an average particle si2e of about 120 nm. In yet another
embodiment, the compound is crystalline ziprasidone HCI and the average
particle size is about 120 nm. 25 In still another embodiment, the
nanoparticles have an average paftigle stze of about 400 nm. In yet another
embodimgniy iy compettimghstaine FiRiasirone mesypisane i

average particle sizelis about 400 nm! In other embodiments of formulations

of ziprasi@8R&HLe basé B Eone RIES PRI Hed abbPEHL the
following sub-Formulations.”&8 (References to ziprasidone, PR®IE, unless
otherwise Gadieated, refer tovaprasidone frewase or a pharwaeeutically
acceptalig ipiesidone salt.yesl5- Talle B-1 pggametel Formulgdion 1-F
Forrnulagmc]u-,galformulation 1-M Compound Ziprasidone free Ziprasidpne
HCIlZiprasidone base mesylate Carrier Water Water Water Crystallinel Yes
Yes Yes compound? In another embodiment, the amount by weight of
ziprasidone'TsEBE AP OB BIARY I BIgHE Bt tPie? RIRaI00BTURES AR
formuAeid rbOfh uillveaaithet 1% elnidodilmentoftiee daoulatidy Weihteofther
ziprasidosieriente s thabuab ou o by zinreiglohefidhestotiadvalvmeioh the

formulatianes apatbsnsmpadimaniathe amount by weight of ziprasidone is
at least ab(?g”a&ér@r %&%@BP‘MQ%%[% ﬁg}'%‘g%o A0 §r£9hm5£a£'%[‘1eﬁl5t"'

another embodiment, t e amount by weight of ziprasdione is at least about
20% %?/O\lf\t/elléﬁt % o'?%r]' P8 ﬂ'méjluq‘“l:ihOf P ATRHEHTn 'R RO
embdtiRERtethd ariBriit Bywﬁ\}@ibﬂtzdﬂ*%%&%d?c?ﬁ@%tép%é%?(’é@ét‘ﬁ%@% by
Weiglef diettptatatddwohirthe ofrthiatidorinusiditaoathey embtbieeesribodimentbithe
amounigy weightobzpsasidaneibs franyaiontighbh thy weigblutecadand 60%
by weightifghe total volume of the formulation In still 15 another

embodlment ghg%h mg on%rg)td ;{yq@h n# ég %atogg [/ ?XOWEI agobgut

60% b welghto e total volume 0 tion. In stil anot
emb ﬁ’l \tve|ght to about 60% by weight of the total volume of the formulation. In still

15 another embodiment, the amount by weight is from about 20% by weight to about

60% by weight of the total volume of the formulation. In still another embodiment,

the amount by weight is from about 15% by weight to about 40% by weight of the

total volume of the formulation. In still another embodiment, the amount by weight

is from about 20% by weight to about 40% by weight of the total volume of the
20 formulation.

In another embodiment of Formulation 1-F, the amount by weight of the
compound is about 21% by weight of the total volume of the formulation. In another
embodiment of Formulation I-H, the amount by weight of the compound is about
23% by weight of the total volume of the formulation. In another embodiment of

25 Formulation 1-M, the amount by weight of the compound is about 28% by weight of
the total volume of the formulation. In another embodiment of Formulation 1-F, the
amount by weight of the compound is about 42% by weight of the total volume of
the formulation.

In another embodiment of a formulation of this invention, a first surface

30 stabilizer is a surfactant. In another embodiment, a first surface stabilizer is



the amount by weight is from about 15% by weight to about 40% by weight of
the total volume of the formulation. In still another embodiment, the amount
by weight is from about 20% by weight to about 40% by weight of the total
volume of the 20 formulation. In another embodiment of Formulation 1-F, the
amount by weight of the compound is ab®ut 21% by weight of the total
volume of the formulation. In another embodiment of Formulation I-H, the
amount by weight of the compound is about 23% by weight of the total
volumgifdnerdermnelatinp. dhanpiher enrdimeptak2eafsHimsiationd:M, the

amount e lghahbie &9%9‘8 %Ur‘?a&?aﬁt@%H& 8&/&&% YR the total

volume of the formulatr n In an diment of Formulation 1- the
O iment o orm atro Ot resent inve t{% ?
amount by wer e comp ound i3 AbouL we| ht o ota

voluni®¥ fé?etﬁébf lﬁlﬁt‘i&ﬂ'oﬂ‘F e?HtS"t‘Ffé‘i“en‘?tf’cS‘B Pﬁéﬁ‘t"B?dé{‘ﬁhrﬂtiﬁti&‘ir@F?hls
iventiaplizarfig st catieficeurloatalhikreints embadfaetarst filst aunetastagiiTbodiment,
a firsksuriasasiahilizasis looselesieckfirem, thiesgsotresnsisting ahanionic

surfagiants,eatianin sHHRstansedARIRhtRECSHERRCIABIR NRNAI @BIfmeric
surfagtants and polymeric surfactants. In another embodiment of a

formulation of the present invention, a first surface stabrlrzer IS an anlonlc
r emboglmgnt of Torfnul tion pf the ?ent nvention {
surfactant. IR ARStReF LR iment, a surface abilizerig a tafionic

Wirfacvdre peaMetHE R SHRYHATRYEN YRSt surface stabilizer is an amphoteric
surfactant. In argieiesnenethoelineé atoanfildos wiftieestrbilizeanion merroignic
surfaeteate | aranathes eenaadimmentiha firstsutiacasialihaphis aupatinteric

surfagtabticl BuRRQLAR! QHHHQQW%m&faﬁt@WI&@@uﬁBE%tE’r&%ﬁﬁﬂl}h‘r\éﬁ@“On a
flrst 108 yigrﬂge stabilizer is a crystallization inhibitor. In another embodiment

f a formulation of the gresent invention, a second surface stabilizer i |s

%%lected froPh AT g ST ABIRS P LRTIORiY {15 PAeTaM L eRIgh, Aizecond
surfaEtaAts, ARt s Mttt &G Roh- |dh|é”§dﬁé@fﬁ‘?ﬂ§”ﬁ?ﬂﬂ FoRpsRaFic
surfaetents skEbillreanetbrticearvdaiment ehetforembetioenb btsrequres siate
invendiamijzarse cangnsidtéace stalnliz an ishanaariopdaisurfagtasionin aratber

embagigiest.id seeRnshisuiacestahilizeris araianisswiaciant dnanother

%nb (glamlegt1S %%F%%PC%HFF%‘E stabilizer is an amphoteric surfactant. In

another embodiment, a secon surface stabilizer is a non-ionic surfactant. In

another emBoBiiEAS8EsHE LuitRER S RlBliR-BrRE S BERMR R !
surfagtalite raaliethaitdchseriifereet deRirpARibHBr IR edesiedihtion, a

first the group consisting of anionic surfactants, cationic surfactants, amphoteric
surfactants, non-ionic surfactants and polymeric surfactants.

25 In another embodiment of a formulation of the present invention, a first
surface stabilizer and second surface stabilizer are independently selected from
the group consisting of crystallization inhibitors and surfactants. In another
embodiment, the first surface stabilizer is a crystallization inhibitor and the second
surface stabilizer is a surfactant.

30 In another embodiment of of a formulation of the present invention, a first
surface stabilizer is an anionic surfactant and a second surface stabilizer is an
anionic surfactant. In yet another embodiment, a first surface stabilizer is an
anionic surfactant and a second surface stabilizer is a cationic surfactant. In yet
another embodiment, a first surface stabilizer is an anionic surfactant and a second

35 surface stabilizer is an amphoteric surfactant. In yet another embodiment, a first
surface stabilizer is an anionic surfactant and a second surface stabilizer is a non-



surface stabilizer and a second surface stabilizer are independently selected
from the group consisting of anionic surfactants, cationic surfactants,
amphoteric surfactants, non-ionic surfactants and polymeric surfactants. 25
In another embodiment of a formulation of the present invention, a first
surface stabilizer and second surface stabilizer are independently selected
from the group consisting of crystallization inhibitors and surfactants. In
another embodiment, the first surface stabilizer is a crystallization inhibitor
and thaisesarensunfaaasitlligrbdsirertidasianl2Q anatheaeamkpdiment

of of g fprmHianen QLIg J&F%%@%Hi‘ﬁé%%%’?o@;ﬂéﬁt SHags stabilizer is an

anionic surfﬁctan and a second ur{ace S abllifz%r iS an anionic surfg\ctant. In
n another embodi nt, of a formul tl%}. of t espresent invention, éf Il‘%t
yet another embodiment, a Tirst surface stabilizer is'an “anionic surfactant and

a secMASUT VB St aoMisBIRCaSLATHIHIE Al factsAtd Ry/ate ittt 's an
embouigneriyriadipst Juykaeecdtelsiiipeimean Al Aiciangritabibast aradcaligdeond
35 susiieiea-atatbilizescs an sarmph etarizsusfactanhid syetanotheeembébeiment,
a firskraddRee Stahiizendscanionicstifantantaisht.se Qb sy Hacee

stabilizer i3 A000 1 5rJRACTHLRGAN- N YehanihesRrakediment,adirst
surface stabilizer is an anl?nlc surfactant and a second surface stabilizer is a

stabilizer is_a.cationic surfagtant and, a second, sugface stabilizer Is a nen-ionic
polymerlc sur actanf).nl'n another emboalment Of a ?ormuiaeflon Ofn[?]e present

Hventibiaciairdt ¥eirRdetmPLeMeh AatishirUStitatieRizent & SeloHd
surfagerfecsil pora seapndssaifiemitaBilirfastaneimeyiesanfastaer embodiment, a
first surfaceistatiize eishadcadidniCStrfagtiiog anda seconchsinfacestabilizer

is a calippicsamifastant imyekanaihecsmbadimentd adirswince stahilizer
is a caignic sHiagank aa &ﬁgPQQb%‘dH%%E SRRIZeLIS ALAMANRIGHC

surfactant. In yet another embodiment, a first surface _ stabilizer Is a cationic
& rfaéPé"r#‘Pé?Hg%rfsaé&a(%%l‘%Gr?scc"é‘ds%%ﬁ?%éﬁ%"éeh8&-?8%%?8'&8%%‘%‘%‘&'&%?%n yet
anotHEP BRI EIMRABIOL S SHTRsES'SPIBRIZE A1s ANRAHSHicC Sarfaktant 4nd a
seconecsufaciacstaibiiiizer issea pohnteiicgiadactdneirativtrenedibediment of
a formuiatiesc©ftthairesaniipventionyradisst asuiacesiabitizersisoaper is
amphplgFiGoaikriasianhand e seeprdstiarrRiabiligel it aNs@nieliGs an

syriagtant, In yetangingl.embadiment. afifst suface stabilizer is an 15
amphoteric surfuactant and a second surface stablﬁze IS a cationic surfactant.

In yet anotePEBOEMREITCS s? JBir4EE 8t Shifig e F850h "ARBRGE Lt
surfatiAteapiaPAZYee chaPsURice Stz ¢ SPCafsHEERISIBRIFFALIaRE In yet
anotheiosin boticrrentinayefissoderfaceosiabilizeffiist anfaca plrvitrec is arfactant
and acsecandaariface stabilizersisfagenamiBicisurtactant siraceiranethear
snbogdimentAubisheakriagrssiahlizetinanll ampAKRHGsWiaciamARd a
Secorslgcgr% fsal‘Jcr:%c%tétngiEzeeF ||sS gmpé)%m?errii% SSLWJ%%?I]E yet another embodiment,

a first surface stabilizer is a non-ionic surfactant and a second surface stabilizer is

a non-ionic surfactant. In yet another embodiment, a first surface stabilizer is a

non-ionic surfactant and a second surface stabilizer is a polymeric surfactant.

30 In another embodiment of a formulation of the present invention, a first
surface stabilizer is a polymeric surfactant and a second surface stabilizer is an
anionic surfactant. In yet another embodiment, a first surface stabilizer is a
polymeric surfactant and a second surface stabilizer is a cationic surfactant. In yet
another embodiment, a first surface stabilizer is a polymeric surfactant and a

35  second surface stabilizer is an amphoteric surfactant. In yet another embodiment, a
first surface stabilizer is a polymeric surfactant and a second surface stabilizer is a



In another embodiment of a formulation of the present invention, a first
surface stabilizer is a non-ionic surfactant and a second surface stabilizer is
an anionic surfactant. In yet another embodiment, a first surface stabilizer is
a non- ionic surfactant and a second surface stabilizer is a cationic
surfactant. In yet 25 another embodiment®-a first surface stabilizer is a
non-ionic surfactant and a second surface stabilizer is am amphoteric
surfactant. In yet another embodiment, a first surface stabilizer is a non-ionic
surfagianémndursesend serfacsnsiabiibeginiend HardpicRUEESTRa! idnayet

anothef CRIRQAIMELH, e@wé '55§e§8%3s%?ra%@93%959% 4 pﬁ%é%‘éﬁr%{&ﬁtﬂam and a

second surface s%ablllz I_{p ric ur ac!aﬂ 0 In another en}bodlment
t e pres

of a formuIaP lon of the'f roeérg?l inventl Ircr)“rllJ aa' Irs céenét%ef]gcér} IS a
polyniefReS SiFaliAet &Wﬁ%&&%%ﬂc@%&ﬁ?ﬁ?@? uigee SRR SUffactant.
I3 yerainathayrearnddimeeit, 2adirst sofedesstatslizer isdaggofabiéree sugactant
and ayeatndisuifaicistabihzeris @ oationitasiiréaciantatinnyesudaotitem
embqetm@dmeaeﬁ{aamfwfm#zar deRiReI¥MenssIFiast a3

second sarR'alIRS 1S 40 Aprigie Q&fﬁ&{grﬂcﬁ‘?‘% 0¥k NBUARTent

embodlment a flrst surface stabjlizer is a polymeric surfactant an a second
;( Br ace stab ||ze:[és a cr stallization 1phibi torfar]d a second surface st
Surface stapilizeris a -IoNIC surtactan another em ment, a

fiPst Sards- %‘{)ﬁﬁ@Ft@‘a'W&ﬁﬁéﬁ&@ﬁ?‘?&%‘?ﬂ‘ﬁﬁﬁi %e@éﬁat%tuﬁ‘arc'é a
stabilizretalzatipolyhideicasd ffaetent sirfaan sthivizersisorismeant sfréa¢maulation of
the present inuesttienerabtisshesusfacestaltlirestitha prassiallizatiosm irhibitor and
a secQid SWiANESIRDUZRILS Rbin rRNIRNIC SdieGigrdk BlxBlanethehnd

emb@%@ﬁ@%@aﬂ?%é#éﬁ&&ﬁ&%@Qlé&H& R chetallization H?ME"EQ&%U 3

second surface stabilizer is a cationic surfactant In n¥et another embodiment,

Erirst APPSR S8Bil2ERIS 8% AMSiatiz B SRR RiS TSP AR o' ooR ¢t ce
stabil?2P1§sshh QM?ﬂPRS‘tef‘lé'@hﬁ%‘(&%tSt?ﬁ K78t dhEiffe PRInBSERNENEU E st
surfasettzhiliZdvrimieRcry8talli zativar iethoorearaistsaderrdsbitfas ds Steabilizer
10 is antnarsdostic suriactandiitor yetanoiberesnbogisaenteranbitshaurtaast
stabilizggds aasrwétauiwmﬂa hibilepand a=ecqndisiiriace stailizgis a
pelymeti qurH ?CSaPE 0.A0QMMer I b%dﬂ“‘r%ﬂt 8fr?169rm8'%“s°e@o%t£‘erf esent
Invention, a irst sur ace stabl izer 1s selected from the %rou conS|st of

PluromiR% ﬁffogwa?ﬁ%@) FuelBfBY SRECL "8RS LHRE StABIFE P8 Yelected
from f8 YFEERICBHSFRPHTEL S PNABHELr) F108, Tween(r) 80, and SLS. In
another embodneiest efizofonentletiefanuapreséwrt meeentioneaidirstisurface
stabilizeiuis R\ViRigm dfax SecenthsustasresiabhiizanistBlovoriagyuslda dn
%Othﬂlﬁm%%%nbélumétoﬁwti%ﬁqaEﬁQHizf%ﬂr%tﬁ’\/%’m@&qr%ée{ﬁ%%émface
stabilizer 'Sh?"f""f” éJnF 685t;!1%.|%QPF neIpea @PPO aﬁ‘ fir 5%&%5%%%%‘81””2”
is PVP and a second suriace stabilizer is SL
the total volume of the formulation. In yet another embodlment of a formulation of
the invention, the amount by weight of a first surface stabilizer is about 0.5% by
weight of the total volume of the formulation. In yet another embodiment of a
30 formulation of the present invention, the amount by weight of a first surface
stabilizer is about 1.0 % by weight of the total volume of the formulation. In yet
another embodiment of a formulation of the present invention, the amount by
weight of a first surface stabilizer is about 2.0 % by weight of the total volume of the
formulation.
35 In an embodiment of a formulation of the present invention, the amount by
weight of a second surface stabilizer is from about 0.1% to about 3.0 % by weight

of the total volume of the formulation. In another embodiment of a formulation of



20 embodiment, a first surface stabilizer is Pluronic(r) F108 and a second
surface stabilizer is Tween(r) 80. In another embodiment, a first surface
stabilizer is PVP and a second surface stabilizer is Tween(r) 80. In another
embodiment of a formulation of the present invention, the amount by weight
of a first surface stabilizer is from about $%5% to about3.0 % by 25 weight of
the total volume of the formulation. In another embodiment, the amount by
weight of a first surface stabilizer is from about 0.5% to about 2.0% by weight
of thedqlabyallanagtieh the SaisnktialiaBighh Jet ABsinei-eBedinent absut

formujatign gp\l/e@rﬁ WW%QH&WJB%@UP%%MM(BFQW 9ﬁ|%r§%£§&wf@o%ﬁn%ﬁb"'zer

is aboptq tof the. total volume of the Ol‘mlfl lation. IoPsYﬁt another
or nq els nt inv H)n mount PY wel secon
embodimen o ulation o resen nv |on Re amount P/

welgﬁfaﬁﬁ'éeﬂf%lagﬂf‘féée%s'?éﬂm?@f' S ‘556‘?}?'1"@‘%‘*63; W%lfﬁﬁ‘f‘{ﬁtﬂ‘ie tBts
volunaeogtetherfendimeeitiona | pyelatanoshdree prisedirmeeittion.atie ramaatidy of the
presemighventkeaoiheusase Ynabidyerveaight oben isstsgtifacestabilizemis@bout

2.0 Y%nkyryvgighiorf thestptahyallineliienfrmulginm:dr b %ﬂa%?&la@diment
of a ol %Hﬁﬁtp&ﬁ%%lrb\fea@&@né%r?a'&oé{%u%r Welght 8f,g,s5c0nd

surface stabflllzetgtlasI f(r)?rrneaolf th%tfg)r rT1m a%(t)(r)] about 3.0 % by weight of the total
volume %r% t?'u ormulation. In another embodiment of a formulation of -19- the

PPesent invehiib AMREIAMbYIR By Waightoha Rewshtl s Stabilzaieis
aboustabilzéenihyreseihhefeinéhtoralovol imneeshtieé the rihidl atitree Isiabtiteafother
embadimetdutof @ o m alationohtheweigsenthineentioinmastaunbbyuaeight of a
SeCOW&H%@P@m%@W@E%fi% %?ﬁauﬂaﬂoﬁ) Sothy M&@hﬁr@&h&qtc{ﬁ@' éf%um%ﬁf the

formylation, Ip Sl ésﬂngt@stras ggp&pbgﬁea/%w}g Lﬁg Ibe pigaen

|nvent|on the amount Wel a second surface sta llizer Js about O

.5%
3 wlght oY TSR Ir'Oto rﬁﬁ‘eb?grrpﬁuiah(% VAT AT P
of a fefHiatatigiier A é%Qéﬂt qYlWéHﬂb?f,“ﬂﬁé"Ei\'TY@leetfy ‘Weﬁ@’ﬁW@f'%f‘s@cond
surfaedl stedtibzemisodibent Ghd Senoyntvieighiobf ohéheotaldvellime sdttiieer is
formudisdioro. dk0s| myawemberdine epianfadiaemt iatonrel Bepnesant arveation, a

third gpaseestahilizrs s BySRegH: wm%rﬁira %%m&amﬁz@y.m&nwom third
b”facg %}?Q#"%Ertb%a ffo{“mae%“t‘i@ %% 849, S‘PO&% aﬁo‘f’ﬁ bxn%%fg?&gf e total

volum the formu atlon In another em iment of a formulation of the

prese%‘i‘ﬂ%\}é’ﬁit%eﬂﬂhfr?étg‘?ﬁ%[%?“H@CWé?B'H%ﬁﬁ%O%&8‘@3%&8@9'&2{651&8%
about@UESYABYOIRIGHbf the total volume 15 of the formulation. In still
another embodintentetivedaneousit hipwveiglon of the présdntsiuvEatenstalilizer is
about(+ddImpiweighi sirtheatatal aroluenentictaciar metakiosurtite stdbanother
enbadigRRkReRmMe W LY RIS PR ENED Stedase SIRBHAR cRoride,
lecithin and SLS. In another embodiment, a third surface stabilizer is Pluronic®
F68. In another embodiment, a third surface stabilizer is benzalkonium chloride. In
another embodiment, a third surface stabilizer is lecithin. In another embodiment, a
third surface stabilizer is SLS.
30 In another embodiment of the invention, the total amount by weight of
surface stabilizers in a formulation is about 6% or less, more preferably about 5%
or less.
In an embodiment of a formulation of the present invention, a bulking agent
is present, wherein the amount by weight of the bulking agent is from about 1.0%
35 to about 10.0 % by weight of the total volume of the formulation. In another
embodiment of a formulation of the present invention, the amount by weight of the

bulking agent is about 1.0% by weight of the total volume of the formulation. In



about 0.02% by weight of the total volume of the formulation. In still another
embodiment, the amount by weight of the third surface stabilizer is about
0.5% by 20 weight of the total volume of the formulation. In still another
embodiment, the amount by weight of the third surface stabilizer is about
1.0% by weight of the total volume of thé%ormulation. In another
embodiment of a formulation of the present invention, a third surface
stabilizer is a surfactant. In another embodiment, the third surface stabilizer

25 is gej@etechfamdherst aHR FRBpIRtINE: of RAWaKi(ByERS henzalkmyum

chiorigg Aﬁsmnwta%&m &Ptmmaﬁsnbmdanaﬁfa il siripcestakilizer is
Plurog fg In a|not er em (5;6 th\;vrgg%urface stabiljizer is

benzalkon ﬂJm c[h orl 'nqr?g%nﬁesrﬁ%?uérln HP g)ﬁarfé%emset% Pzer is
lecithfrMe4Pbther embodiment, a third surface stablllzer is SLS. 30 In
another embodiietieneobeHe dnentinmikdapeatemeasit by soetgh bilksgrface
stabiligensisrpedanmbdatitimisagdo uélieSe Oifdesse more jrafarablytabactes% or
less. WnaaHaoskERat of adarmuiatiamehthedsaragbiveRtiRRadsBulking

agent |5 RIESEN M’Q{?r%@ S0 @%8%"?%‘%%%5“%’ e QUIKIDSLARRNLAR from

about 1 0% 35 tog out 10.0 % by weight of the total volume of the
formu a%o% 98 hRdthar embodiment of a formulation of the present invention,

#Re amount '‘ByAARIGh EBPATE LRIy ‘BERHRI aPotlE 1PE96 Y R dfthe
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weighihof dheebalkirgrage ntdsilabo uisS H8oidug ywaittedohéheniotad violothee of the

formuatianmbaainethen AIROCimBRLe the-AMOsIN: B¥eiahs efihe hulking
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anot er emb o mento a ormu (ation of t resent Invention, a
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is trehaliger indanothieg epebbdinmesviodbie driilidan deagenttiesmeanniiwls e
anothemaembedimaatoiti@ndulkéng agent is PEG400. 10 In another
embodiment ofaformulation of theeg,rggept invention, the formulation

consists-essentially-of-a-compet a-earterafirst surface-stabilizer—and a
b Arameter ¥ 9 If'ormtifziﬁon ‘2’ Ifc%rn‘lu‘l‘ tﬁ orm( féhon

secq izer, as previously defined herein/In anothe

embodlrﬂéﬁurfﬁ?formuIatlo Bdnsists essentPEﬁE/ of a compouﬁ‘as, a carrier, a

first | surfatadigeibilizer, a second surface stabilizer and |a third surface

stabilizercas diqaeeviously deftned hefein. In yet another embeesment, the

formulatiQpgeRsists
third surface No Yes No
stabilizer
bulking agent No No Yes
Crystalline Yes Yes yes
Compound?

20
In another embodiment of Formulation 2 are the following sub-

Formulations:

Table B-3
parameter Formulation 2-F Formulation 2-H Formulation 2-M
Compound Ziprasidone free Ziprasidone HCI Ziprasidone
base mesylate
Carrier Water Water Water




essentially of a compound, a carrier, a first surface stabilizer, a second
surface stabilizer and a bulking agent, as previously defined herein. These
variations are summarized in the following table: Table B-2 parameter
Formulation 2 Formulation 3 Formulation 4 first surface Yes Yes Yes
stabilizer second surface Yes Yes Yes ®fabilizer third surface No Yes No
stabilizer bulking agent No No Yes Crystalline Yes Yes yes Compound? 20
In another embodiment of Formulation 2 are the following sub- : Formulations
Table B-3 parameter Formulation 2-F Formulation 2-H Formulation 2-M

Compound gipgasidone,{iSe riRragidens il F1Rragidone pasapesyate

Carrier We}ter Water Water -21- In another embodiment of Formulation 3 are
rmulations

the foIﬁ)wmg Sub- : Formulations Table B-4 parameter Formulation 3-F
Formulation 3-H Formulation 3-M B&f6und Ziprasidone free Ziprasidone

HCI|Ziprawithorier base Feesytios CArrier Avandatigraer \\afemBatoapdther
embodingenpaintormulaiasidoaserébe follmpraagoseiBe! Hormuiaiisnse
base mesylate
Carrier Water Water Water
5
In another embodiment of Formulation 4 are the following sub-
Formulations:
Table B-5
parameter Formulation 4-F Formulation 4-H Formulation 4-M
Compound Ziprasidone free Ziprasidone HCI Ziprasidone
base mesylate
Carrier Water Water Water
10 Additional formulations of interest are presented in the following table:
Table B-6
Compound (w/v) First Surface Second Third
Stabilizer (w/v) Surface Surface
Stabilizer Stabilizer
(wiv) (wiv)
Formulation 21% ziprasidone 1% Pluronic® 1% Tween® None
A free base F108 80
Formulation 21% ziprasidone 1% Pluronic® None None
B free base F108
Formulation 21% ziprasidone 1% PVP None None
C free base
Formulation 21% ziprasidone 2.5% None None
D free base Pluronic®
F108
Formulation 23% ziprasidone | 1% PVP (K30) | 1% Pluronic® None
E HCI F108
Formulation 28% ziprasidone | 2% PVP (K30) 0.5% None
F mesylate Pluronic®
F108




Table B-5 parameter Formulation 4-F Formulation 4-H Formulation 4-M
Compound Ziprasidone free Ziprasidone HCI Ziprasidone base mesylate
Carrier Water Water Water 10 Additional formulations of interest are
presented in the following table: Table B-6 Compound (w/v) First Surface
Second Third Stabilizer (w/v) Surface Séfface Stabilizer Stabilizer (w/v)
(w/v) Formulation 21 % ziprasidone 1%Pluronic(r) 1%Twee n(r) None A free

base F108 80 Formulation 21 % ziprasidone 1%Pluronic(r) None None B
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reat
The compound nanoparticles can be made using several different
C. Methods of Preparation and Treatment
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The compound nanoparticles can be made using several different

methods, including, for example, milling, precipitation and high pressure

homogenization. Exemplary methods of making compound nanoparticles are
described in U.S. Patent No. 5,145, 684, the entire content of which is hereby
incorporated by reference. The optimal effective average particle size of the
invention can be obtained by controlling the process of particle size reduction, such
as controlling the milling time and the amount of surface stabilizer added. Crystal
10  growth and particle aggregation can also be minimized by milling or precipitating
the composition under colder temperatures, and by storing the final composition at
colder temperatures.
1. Aqueous Milling
In one embodiment of the invention, there is provided a method of
15 preparing the injectable depot formulation of the invention. Milling of compound in
agueous solution to obtain a nanoparticulate dispersion comprises dispersing
compound in water, followed by applying mechanical means in the presence of
grinding media to reduce the particle size of the compound to the desired effective
average particle size, the optimal sizes as provided in other embodiments herein.
20  The compound can be effectively reduced in size optionally in the presence of one
or more surface stabilizers. Alternatively, the compound can optionally be
contacted with a surface stabilizer or surface stabilizers after attrition. Preferably,
the compound is milled in the presence of at least one surface stabilizer, more
preferable in the presence of at least two stabilizers; or the compound is contacted
25 with at least one, more preferably at least two surface stabilizers, subsequent to
attrition. Other compounds, such as a bulking agent, can be added to the
compound/surface stabilizer mixture during the size reduction process. Dispersions
The

in solid or liquid dosage

can be manufactured continuously or in a batch mode. resultant

nanoparticulate drug dispersion can be utilized



methods, including, for example, milling, precipitation and high pressure 5
homogenization. Exemplary methods of making compound nanopatrticles are
described in U.S. Patent No. 5,145, 684, the entire content of which is hereby
incorporated by reference. The optimal effective average particle size of the
invention can be obtained by controlling #fe process of particle size
reduction, such as controlling the milling time and the amount of surface
stabilizer added. Crystal 10 growth and particle aggregation can also be
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mills. RASHS RIS T ‘EF&}/ S ﬂYébs?F&rﬁeaér?ﬂﬁ|§°"i?|'ym&81£?4¥ﬁﬁi?§”ﬂ?é
compSWIEERR!pl&REctrMtBoa résERPIfEdlofty Tith 4 diSiErsfoA Mmedliuior
exampleridgatemohnetrat least twomaeface stabibigerstiEhesmixtprgasides;
recirgipitedsthistghyaneBambeksaskaminghenatliaandoat redatiegours and
shaftippelles. The st sbaft agilatesdhe mediguvbichshigsisie
comp, ewlmgsgzoeltm rsa g;qg] %s?egg such as cellulose acetate; polyhydroxymethacrylate;
polyhydroxyethyl acrylate; and silicone-containing polymers such as polysiloxanes.
The polymer can be biodegradable. Exemplary biodegradable polymers include
poly(lactides), poly(glycolide) copolymers of lactides and glycolide, polyanhydrides,
30 poly(hydroxyethyl methacylate), poly(imino carbonates), poly(N-
acylhydroxyproline)esters, poly(N-palmitoyl hydroxyproline) esters, ethylene-vinyl
acetate copolymers, poly(orthoesters), poly(caprolactones), and
poly(phosphazenes). For biodegradable polymers, contamination from the media
itself advantageously can metabolize in vivo into biologically acceptable products
35 that can be eliminated from the body.
The grinding media preferably ranges in size from about 10 um to about 3

mm. For fine grinding, exemplary grinding media is from about 20 um to about 2



10 sheer forces, thereby reducing particle size. 2. Grinding Media Exemplary
grinding media comprises particles that are substantially spherical in shape,
such as beads, consisting essentially of polymeric resin. In another
embodiment, the grinding media comprises a core having a coating of a 15
polymeric resin adhered thereon. Other-é%amples of grinding media comprise
essentially spherical particles comprising glass, metal oxide, or ceramic. In
general, suitable polymeric resins are chemically and physically inert,
substantiadlyfberofmpedmhens Qa3 NelimRR ORB@ESs areh bt figignt o
hardngss ands friabllit 1o snablRhemRo.AVGIlRE ReShIPRSH QLE S ed
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poly(tetirflurresitpsengsliérrexamplentrianinetfoling B RHs Nagours

and %%r%%&no%%%?ﬁ@% %ocrmglmers high density polyethylenes;
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means. The resultant nanoparticulate drug dispersion can be utilized in solid or
liquid dosage formulations. In another embodiment, the nanoparticulate dispersion
may be utilized in intramuscular depot formulations suitable for injection.
4. Homogenization
30 Another method of forming the desired nanoparticulate dispersion is by
homogenization. Like precipitation, this technique does not use milling media.
Instead, compound, surface stabilizers and carrier — the “mixture” (or, in an
alternative embodiment, compound and carrier with the surface stabilizers added
following reduction in particle size) constitute a process stream propelled into a
35 process zone, which in a Microfluidizer® (Microfluidics Corp.) is called the
Interaction Chamber. The mixture to be treated is inducted into the pump and then

forced out. The priming valve of the Microfluidizer® purges air out of the pump.



compound from the milling chamber. The grinding media is separated from
the milled nanoparticulate compound 10 using conventional separation
techniques in a secondary process, including, without limitation, simple
filtration, sieving through a mesh filter or screen, and the like. Other
separation techniques such as centrifugafion may also be employed. 3.
Precipitation Another method of forming the desired nanoparticulate
dispersion is by 15 microprecipitation. This is a method of preparing stable

dispetsienmohdivgs MRHONMIhNHIRRIGRENER AN QBROITBREBISHAtAGR
stabilizersA0eLRRH ORI HRSUrLAoERAHRL $raRLLY, eRhAnRINdsHHace
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and (3)eprecipitatingddine doemutationifkom siepn{ratostepnél )Thisirguaing
appropsiate eN=sPiMeRhd LifofRrpamiatiareis preferably precipitated after

addition to g selutioB,of Rl IfastQfifnnore preferably at least two, surface
stabilizers. The method can be followed by remova| of any formed salt, if

ollo
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utilizédannsctieheiecligoid desagresfofen usttiten ssupensotiser nttwivd] mesertiethe
nanopadfitcuiaiendisperisionplotayshevdtiizedaifomvamuscular depot
formulations suitable for injection. 4. Homogenization 30 Another method of
forming the desired nanoparticuIa(ﬁegiigp&rﬂ%ﬁria)by homogenization. Like
ESrecipitation, this technique does not use milling'media. Instead, compound,

urface stabilizers and carrier - the "mixtu¥e” (or, in an alternative

embodiment, compound and carrier’\RfRAHE &Urface stabilizers added
following reduction in particle size) constigute a process stream propelled into
a 35 process zone, which in a Miresaidigizagd)dfticrofluidics Corp.) is called
the Interaction Chamber. The mixture to pe treated is inducted into the pump

d then forced out. The priming val\(ﬁap IIIthe Microfluidizer(r) purges air out
of the pump. -25- Once the pump is fille

d with the mixture, the priming valve
is closed and the mixture is forced through the Interaction Chamber. The
geometry of the InteractiyAPTREiBepHeodelew R eI Torces of sheer,
impact and savitétsd Wwhithopgidurt stepati pleesibesen sitheetbic e tevertiog
Chambeepthecpt essurizrd matkbdrefiSsialieiniieeS ey sire amsan@daacelerated
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that does not use media. If terminal sterilization is not feasible due to chemical

and/or physical instability, aseptic processing can be used. Terminal sterilization

can be by steam sterilization or by high energy irradiation of the product.

6. Methods of Treatment

30 Conditions

The conditions that can be treated in accordance with the present invention
include psychosis, schizophrenia, schizoaffective disorders, non-schizophrenic
psychoses, behavioral disturbances associated with neurodegenerative disorders,
e.g. in dementia, behavioral disturbances in mental retardation and autism,

35  Tourette's syndrome, bipolar disorder (for example bipolar mania, bipolar
depression, or effecting mood stabilization in bipolar disorder), depression and

anxiety.



directed toward each other and collide in the interaction zone. The resulting
product has very fine and uniform particle size. 5. Sterile Product
Manufacturing Development of injectable compositions requires the
production of a sterile 10 product. The manufacturing process of the present
invention is similar to typical known marffacturing processes for sterile
suspensions. A typical sterile suspension manufacturing process flowchart is
as follows: (Media conditioning) 151 Compounding 1 Particle size reduction
1 20 Vial fillighikiéhaphHizatiesmgand/or (terminal sterilization) As indicated by

the optional E?&%'%%Wb%%%%cﬁ&'&‘ﬁ il t@&e@( Qeﬁféﬁ%%drﬁ QQ@SW&W

upon the method of gartlcle size re n an r met 25 ste ilization.
amountI effectiv treaé fon itions ste erein. de ot rmula |o {h
For example, media conaitioning Is not req uwe or |n me at

does F?{Bieﬂéé”ﬁ‘?éb‘?a ?fete?ﬂ’iﬂ%‘%f@|I'E’Zatﬂb??tig”nd‘t’*f@a%ﬁbfébdﬂfé”ﬁ?‘dﬂlﬁer?ﬁcal
and/antpsimpsieddrin stabitie dessepitetivedecibsineptaantieianded . Themaprnidally
steriliziattove @aashe thy siegnmsiecdizatian ppeveyt higihrenaegydsradiatiancof the
produ%@é\ﬂ%@m&ﬂa@aﬁmmw&maw@nﬁm&emuignﬁmaet &an be
treateg;ig &88W%Qﬁ§cmﬁ|t%85%ﬁ&%hﬁwa‘?”5'91'8 JRGlde pRychosis,

schlzophrenla SC hizoaffective disorders, non-Sc |zoPhren|c sa/choses
é\ ctlve dose for injectign o{ a formulation of the,.inve aa
behavioral stur ances associated with" neurodeg eneratlve IS0r ers, e.g.in

demetiha et AIBIAS R ARATERS %Ofﬂ'éﬁ%\f'ﬂéfar‘a%ﬂfﬂn H}?CFE‘?.?EIWO%

Tourette ke siptrirgredelipolie dissddeti¢foraxarole bipetaronskitia Hsipolar
depressiods, ¢ eideatisigoeaek skab tizatioghinfileglafedisard e ,ddeposassion
and gBxisth: 28- Adninistatpiang Desing LyRically:, @fomrulationine
desc@&%ﬂ%ﬁoﬂ“g ggge%g#g&#wﬁ %?JBH”AS!; a%deﬁé&()e %5@849} SlleRlvs; to treat
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once every 1, 2, 3 or 4 weeks Preferably, the dose for injection is about 2 ml or
less, for example from about 1 ml to about 2 ml. Preferably, the injection volume is
2 ml, injected once every 1, 2, 3 or 4 weeks.

7. Use in the Preparation of a Medicament

20 In one embodiment, the present invention comprises methods for the
preparation of a formulation (or “medicament’) comprising the Formulations
embodied in Formulations 1-4, and subformulations thereof, in combination with
one or more pharmaceutically-acceptable carriers. In other embodiments, at least
one, preferably at least two surface stabilizers, are adsorbed on to the surface of

25 the compound nanopatrticles in an amount effective to maintain nanoparticle size
for use in treating conditions including, without limitation, psychosis, schizophrenia,
schizoaffective disorders, non-schizophrenic psychoses, behavioral disturbances
associated with neurodegenerative disorders, e.g. in dementia, behavioral
disturbances in mental retardation and autism, Tourette's syndrome, bipolar

30 disorder (for example bipolar mania, bipolar depression, or effecting mood

stabilization in bipolar disorder), depression and anxiety.



5 intramuscularly, and in a dose effective for the treatment intended.
Therapeutically effective doses of the compounds required to prevent or
arrest the progress of or to treat the medical condition are readily
ascertained by one of ordinary skill in the art using preclinical and clinical
approaches familiar to the medicinal art2’An effective dose for injection of a
formulation of the invention can be 10 generally determined by a physician of
ordinary skill in the art. The effective dose can be determined taking into
consideratigy factQysiknokdegRose of skill in the art, such as the indication
eingreridneiataLIe Relipl ARGHG-OWAHRPLEAIRRELC O
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25 large crystals under the microscope at 400X and dispersed particles could not be

seen individually due to the rapid Brownian motion. The effective diameter of the
21% ziprasidone free base nanosuspension was 235 nm.

Example 2
Preparation of Formulation B

30 A coarse suspension was prepared by placing 8.84 gm of ziprasidone free
base in a 100 ml milling chamber with 48.90 gm of milling media (500 micron
polystyrene beads).

To this, 4.2 ml of 10% solution of Pluronic® F108 was added. In addition,
32 ml of water for injection was added to the milling chamber. The above mixture

35  was milled under identical conditions as in example 1.

When the milling was stopped at 30 minutes, the above suspension turned

into a paste and thus a uniform non-aggregated free flowing nanosuspension was



A coarse suspension was prepared by placing 8.86 gm of ziprasidone free
10 base in a 100 ml milling chamber with 48.90 gm of milling media (500
micron polystyrene beads). To this, 4.2 ml each of 10% solutions of
Pluronic(r) F108 and Tween(r) 80 were added. In addition, 27.8 ml of water
for injection was added to the milling ché&®nber. The above mixture was
stirred until uniform suspension was obtained. 15 This suspension was then
milled for 30 minutes at 2100 RPM in a Nanomill-1 (Manufacturer Elan Drug

Delivasy obiinp@nshtiare paeeradutedusi g:sailing s maintaingd_uAC. The
resu'@9&&%%%5\%@&%%fi@ﬁﬁ%%t%%%ﬁé/ﬁ%.Um to remove the milling media

and the suspension characterlzedEQXmmlcgoscopy and light scattering
(Brookhaven). For microscopic o , a drop of diluted suspension 20
was placed between a co¥ ' = ' erved under both bright
and dark fidl@oFer papteiosives detesied atitieity digthescarerigoee diesp of
suspeasian theaadded iy alsampleicuvete diled mwithgwadein a5 pasitele size
measyigdrdieaceegprted values are effective diameter in nm. The above
suspension after miling was e flowing and Aidnalahow amvieo4age

crystals und(?r the microscope at 400X_?nd ispersed gartlcles_could not be
of Hater or I|ne tion Wz%%a ded.g) e milling chamber. Jl'h abﬁye ?.uxtur was
seen individual y' ue to the rapl rowni motion. The effective diameter of

fRe 2MbRIARISSREGHR FRRAAREAR Brf¥ali8lSension was 235 nm. Example 2

PreparationVofeRdhenuiinioned SOk o miguspahsibave asspresiar bohby

placingot$Asghaaf tiprasitone isaegbhagadn ed Q0uMY Rliagsphrambersvith

48.90,grof 0 i 9g e diB 0BG RS e 8e hards). Afdiseda2 Ml of

.1(.)% g&)&%% &%Plclgﬁglt?épcg}ﬁ?ﬁo% %ﬁ%%gd.ln addition, 32 ml of water for
illing ¢

|1ryect|on was added to the m amlber. The above mixture 35 was milled
under identical conditions as in e SRR When the milling was stopped at

30 minutes, the above suSEEREHENQIFREIUMRN L paste and thus a uniform
non-aggregatéttfreerdkinonegraamestspepsiosnaeso?8anpepitdined.5Bince
the pagiecoosddinotdpelfiiated-toseparate the milling media, additional
characterizajian GRpASRAL Resperfeuned. Bxampie e eRatation b sew
bPrMylation, & ?reA% 8%%?%‘3&}?9%?%”%!5%%% » Bf %?lﬁr%%@!f’}é]ﬁ??'” g82gm of
ziprasidone free base in the 100 ml mi |n%cham%e_r wit 4§. 7 gm_of milling
medié”@gﬁﬁs'ﬁﬁ&%ﬁwm"bd in a 100 ml milling chamber with milling media (500 micron

polystyrene beads) at 5500 RPM.
When the milling was stopped at 1 hour, the above suspension after
filtration was free flowing and did not show any large crystals under the microscope
25 and the rapid Brownian motion was observed of the particles. The effective
diameter of the 10.5% ziprasidone free base nanosuspension was 181 nm.

Example 5
Preparation of Formulation E

A coarse suspension was prepared by placing 9.69 gm of ziprasidone
30 hydrochloride in a 100 ml milling chamber with 48.96 gm of milling media (500
micron polystyrene beads).

To this, 4.2 ml each of the 10% PVP and 10% of Pluronic® F108 solutions
were added. In addition, 25.4 ml of water for injection was added to the milling
chamber. The above mixture was milled under identical conditions for 3 hours as in

35 example 1.
When the milling was stopped at 3 hours, the above suspension after

filtration was free flowing and did not show any large crystals under the microscope



polystyrene beads). To this, 4.2 ml of 10% solution of PVP-K30 was added.
In addition, 32 ml of water for injection was added to the milling chamber.
The above mixture was 10 milled under identical conditions as in example 1.
When the milling was stopped at 30 minutes, the above suspension turned
into a paste and thus a uniform non-aggfégated free flowing nanosuspension
was not obtained. Since the paste could not be filtered to separate the
milling media, additional characterization could not be performed. 15

Example the RegRapaianef fagnulatiogpfarfe? BYordppasidanerieedase
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F108. This suspension was dil uteg 11 ¥/v with water to result in 10.5% 20

ziprasidone free base suspension i % of Pluronic(r) F108 in water.
The suspension was mlllmﬁﬁ%&amber with milling media
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millingranetiid (500 micron polystyrene beads). To this, 4.2 ml each of the
10% PVP anchebOffe ahifftty ranic i fodBiselbéios sthweneaddspldsioaddiéon,

25.4 mlabalsFarinipetion NAsAdERci9 Ithe Biling uﬁ@am_@%r.cﬂ%&@éoove
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fitratSARSE LR HORARG H%J‘%l‘Heﬁ%?‘gﬁSW%ﬁ‘&el‘é'r%“eWSF‘ys(%%% linder the
microscope -29- and the rapid Br&ﬁl&#ﬁﬁqotlon was observed of the
particles. The effective diBrertetianfafe irfBasidone hydrochloride
nanosuspenstonrwasspdnsibimvds yaspptel 6y Peepamsoaobizerasidatiarn &

base in the 100 ml milling chamber with 48.89 gm of milling media (500 micron

A
e

20 polystyrene beads).
To this, 4.2 ml each of 10% solutions of Pluronic® F108, Tween® 80 and
5% Lecithin solutions were added. In addition, 23.8 ml of water for injection was
added to the milling chamber. The above mixture was stirred until uniform
suspension was obtained. This suspension was then milled for 30 minutes at 2100
25 RPM in a Nanomill-1 (Manufacturer Elan Drug Delivery, Inc.) and the temperature
during milling was maintained at 4C. The resultin g suspension was filtered under
vacuum to remove the miling media and the suspension characterized by
microscopy and light scattering as described in example 1.

Example 8
30 Preparation of Formulation H

A coarse suspension was prepared by placing 8.87 gm of ziprasidone free
base in the 100 ml milling chamber with 48.9 gm of milling media (500 micron
polystyrene beads).

To this, 4.2 ml of 10% Tween® 80 solution and 8.4 ml of 10% Pluronic®

35 F108 solution were added. In addition, 23.6 ml of water for injection was added to
the milling chamber. The above mixture was stirred until uniform suspension was

obtained. This suspension was then milled for 30 minutes at 2100 RPM in a



5 A coarse suspension was prepared by placing 11.78 gm of ziprasidone
mesylate in a 100 ml milling chamber with 48.89 gm of milling media (500
micron polystyrene beads). To this, 8.4 ml of 10% PVP and 2.1 ml of 10% of
Pluronic(r) F108 solutions were added. In addition, 24.2 ml of water for
injection was added to the milling 10 chi@?nber. The above mixture was milled
under identical conditions for 3 hours as in example 1. When the milling was
stopped at 3 hours, the above suspension after filtration was free flowing and
did neshiam2yalrgRuesy Sials BHIg e g yNIRE9SGP@e aBH KRR ng

BrowpiaR MRNOR M¥RseRSE YR OfiDG RAHGISSs S &Tf%'élvﬁte}% qlﬁzﬁ@ﬁter of
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repara |ono ormula coarse suspension was prepared by placing

8.85 @Pﬁ@fF%?ﬁSr%@Mﬁé%‘”%ﬁ%@eﬁ?rtw WEI'WPH’]FIImg chamber with 48.89
gt of milling media (500 micron ERaaplgstyrene beads). To this, 4.2 ml each
of 10%ts0inbdasBE R mahEids;chween( P80 sndbrstdoe tithibasolutions
were added. In addition, 23.8 mlgfysat@idor injection was added to the
milling champe 1paﬂ8B abovye r!H.‘%%EHa({?oM"RSp%II&&é& Yyl ynifonTy suspepsion

was obtalned hIS suspensmn was th 1en mille or 30 mjnutes at 2100 25

Rap N ey
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was fitteqesd ualdesrangaatiaelive tdaregiso Venthd milfisiginaesdisgieditiRtie suspension
characterized by microsgepy: aredigbtraaatéavingeas described in example 1.
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Example 10

% ziprasidone

HCI

nanoparticles
The particle size of Formulation E packaged in a vial stored at 5C was

monitored. For particle size determination by light scattering a drop of suspension

20

was added to a sample cuvette filled with water and particle size measured. The

reported values are effective diameter in nm. The results are listed in the following

table.



vacuum to remove the milling media and the suspension characterized by
microscopy and light scattering as described in example 1. 5 Example 9
Stability of an Exemplary Formulation Comprising 21% ziprasidone free base
nanoparticles The particle size of Formulation A packaged in a vial stored at
5C was monitored. For particle size detetfnination by light scattering a drop of
suspension 10 was added to a sample cuvette filled with water and particle
size measured. The reported values are effective diameter in nm. The
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Example 11

Stability of an Exemplary Formulation Comprising 28

% ziprasidone mesylate

5 nanoparticles
The particle size of Formulation F packaged in a vial stored at 5C was
monitored. For particle size determination by light scattering a drop of suspension
was added to a sample cuvette filled with water and particle size measured. The
reported values are effective diameter in nm. The results are listed in the following
10 table.
Table D-3: Effective Particle Diameter of Formulation F Stored at 5C.
Time (days) Effective diameter (nm)
0 406
5 444
50 415
60 407
92 518
130 485
339 525
700 609
Example 12
Sterilization and Storage Stability of Formulation G
15 The filtered suspension of Example 7 was filled (3 ml) into flint vials. The
vials were sealed with a rubber stopper and an aluminum seal was crimped on the
stopper. The filled vials were sterilized for 15 min at 121 in a steam sterilizer.
The suspension after sterilization was characterized and particle size measured by
light scattering. The filled vials were stored at 5C and sampled at various times to
20  determine particle size and stability of the suspension.



85 136 123 142 Example 11 Stability of an Exemplary Formulation
Comprising 28% ziprasidone mesylate 5 nanoparticles The particle size of
Formulation F packaged in a vial stored at 5G was monitored. For particle
size determination by light scattering a drop of suspension was added to a
sample cuvette filled with water and parti®e size measured. The reported
values are effective diameter in nm. The results are listed in the following 10
table. Table D-3: Effective Particle Diameter of Formulation F Stored at 5G.

Time (days)riéfentvagliasmetas (omlRidQGe xddthy W AknuBRAY (90§18
130 %%500%693555 15995%%&%@@9&?"&zd%ﬁxmmon and Storage Stability of

Formulation % %eggv Ech’tBl nsion ofé?lga le 7 a%fllled (3 ml) into

? lame, atlon Cfl
flint vials. The V|a S were sea th s ru her stopper and an aluminum seal

was crimped on the stdMFERVIEEHIERPVRIRAdRFE " erilized for 15 min at 121
*c in a steam sterilizer.TMge suspension after skéetiratitamelersreharacterized
and particle size pagaspi@llzayordight scattering. The Tbsdmials were stpred at

5C and-sampted afyatigrsdiimes to 20 determine P‘Q@ME’] size-and stability of

the Susp%nclnn 32 (;I'hn followi % table sho '\\Alf? E’\:\rf?In size St:\hlllhl
Formulation ederH%& %?’u?ggfé\i’ltﬁ” And upon s oera{'é/% ot the I[er\ﬁ‘z%
formulation. Table D-4: Bffective Particle Diameter of Féffhulation G after
Autoclaving and upon Stérage at 5¢c. Time Effective diaPdéter (hm) Before

=2

Sterilization 235 nm Aftey Sterilization 267 nm 271
16 268
36 274
5
Example 13

Sterilization and Storage Stability of Formulation H

The filtered suspension of Example 8 was filled (3 ml) into flint vials. The
vials were sealed with a rubber stopper and an aluminum seal was crimped on the
10  stopper. The filled vials were sterilized for 15 min at 121<C in a steam sterilizer.
The suspension after sterilization was characterized and particle size measured by
light scattering. The filled vials were stored at 5C and sampled at various times to
determine particle size and stability of the suspension. The following table shows
particle size stability of Formulation H during autoclaving and upon storage of the

15 sterilized formulation.

Table D-5: Effective Particle Diameter of Formulation H after

Autoclaving and upon Storage at 5C.

Time Effective diameter (nm)
Before Sterilization 234 nm
After Sterilization 311 nm
Storage Time (days) post-sterilization Effective dia  meter (nm)

0 319

3 331

6 325

15 313

35 319




Storage Time (days) post-sterilization Effective diameter (hm) 0274 4 281
7271 16 268 36 274 5 Example 13 Sterilization and Storage Stability of
Formulation H The filtered suspension of Example 8 was filled (3 ml) into flint
vials. The vials were sealed with a rubber stopper and an aluminum seal was
crimped on the 10 stopper. The filled vizd& were sterilized for 15 min at 121 ¢
in a steam sterilizer. The suspension after sterilization was characterized and
particle size measured by light scattering. The filled vials were stored at 5C
and sampled at various times to gdef@pminge particle size and stability of the

suspegsian, he ilaningiaRie.shaws wattisle size Mtahilify gf Fogmylation H
during autoclaving and upop %%onqgge erTstp% r}n5 sterilized formulation. Table
D-5: Effective Particle Diam H after Autoclaving and upon
Storage at 33t EHRaM AR RISERE (PR 2BRT SUERERiIREAEH Y34 A After
Sterilizéittent 31 dlpwrihSsorer)sidrmrsi(adips) tp ssekeanlezativieEffectiavidiameter
(nm) s0sBdrBicd 38Aoub Bige lyst343InSbad]9s-SBbvinxample Dl Siabilitykoi
Z_ipraﬁki%%d_\lan&l%@@%i%?é Mma‘gogmmf Baslicke %&ﬁtéelsgiﬂgor@yiaﬁmic
Light Seatierng Jiges sumeshaly disepyeied ihat s pta dingls suface
stabilizer was not 5 sufficient to allow the suspension post-mllllngNto resolve
A AR e e A T Y SR
Showd SRAEHATIB T WBYRIFFGIE EATBIES 19 2P S IuSEDIASI A irface
Stabiﬁ@@ﬁmgun@thWQﬁﬂg@n; is less than the total volume of a single surfactant.

Without being bound by theory, it may be that the combination of two or

more surface stabilizers provide enhanced surface stability and improve the ability
of the crystal to maintain its nanoparticulate size without aggregation. The addition

15 of a different, second surface stabilizer may allow for the reduction in total amount
of surface stabilizers by % w/v, which supports a synergistic interaction between
surface stabilizers.

Table D-6: Nanosuspensions of Ziprasidone and Particle Size

Initial
% effecti
Twe ve
% % en other milling Time diamet
Z-Com. | PVP | F108 80 additives time (days) | er (nm)
21% FB 1 30 min 0

21% FB 1 1 30 min 0 242
21% FB 1 1 30 min 0 312
21% FB 1 0.5 30 min 0 309
21% FB 1 1 10 min 0 390
21% FB 1 1 20 min 0 255
21% FB 1 1 30 min 0 232
21% FB 1 1 45 min 0 234
21% FB 1 1 30 min 0 249
21% FB 1 1 60 min 0 230
21% FB 1 1 60 min 55 190
21% FB 1 1 60 min 0 252
21% FB 1 1 60 min 45 201




unresolvable paste. However, when two or more surface stabilizers were
present, a free flowing suspension resolved. Upon closer examination, the
data shows that 10 a smaller particle size (initial effective diameter) is
achieved, even when the total volume of the two surfactants is less than the
total volume of a single surfactant. Withétit being bound by theory, it may be
that the combination of two or more surface stabilizers provide enhanced
surface stability and improve the ability of the crystal to maintain its

nanoparticutate sizewithout aggregation. The addition 15 of g djﬁf@reﬂt,
second surface stabilizer may gllow for the reduction fin total amount
surface stabilizers by % wiv, \4vhicw supports|a synergistic interaction hetween
surface stabilizers. Table D-G:Wanosuspensmns of Ziprasidone and Particle
Size |nitial % effékti| TWe ve 96 % erPbfier miMitgoTime di&metdigmeCom.
PVP |[FA108®80 adtyifivestiihe ($ys) &tdivey) R1%EB 1 3Gy#in (209 KB 1 1
30 minZ3248 21% FB 111 30 min 0 312 21% kBii0.5 3Bmin|0 380 21% FB
111 éwd,g‘es 072190 FB 1 120 min 025524 94,5Brt ]10'7:;3 min£232 21%
FB 11-45-min 0-234-21% FB-1-1.30-min-0-249-21% FB 1-1-60-min-0,230
219 [EB-1° 160 mitn 55 190 [21% EB 1 1 60 mifcd 55 zizg% EB 12160 min 45
201 341iti8ll |% ffectil Twe ve % % en otherPfhilfhg Tiké diam&°Z | Com.
PVP [F208 B9 additives fime (days) er (nm) 2138 1 1 60 min 32231 21%
FB 1{140,men 105 238 1 90 min 0

21% FB 1 30 min 0

21% FB 1 1 30 min 0 220

21% FB 2 1 30 min 0 234

21% FB 1 1 30 min 0 233

21% FB 1 1 30 min 5 230

21% FB 1 1 30 min 50 233

21% FB 1 1 30 min 60 238

21% FB 1 1 30 min 92 234

21% FB 1 1 30 min 130 245

21% FB 1 1 30 min 220 246

21% FB 1 1 30 min 339 248

21% FB 1 1 30 min 700 256

21% FB 1 1 30 min 0 273

21% FB 1 1 30 min 50 218

21% FB 1 1 30 min 0 275

21% FB 1 1 30 min 30 236

0.018%SL
21%FB | 1 1 S 30 min 0 233
0.02%
Benzalk
21% FB 1 1 cl 30 min 237
21%FB | 1 0.1%SLS | 30 min 0 163
0.5%
21% FB 1 1 Lecithin 30 min 235
21%FB | 1 1% F68 | 30 min 0 655




21% FB 1 1 60 min 143 261 21% FB 1 1 60 min 352 220 21% FB 1 1 30
min 0234 21% FB190min0--21% FB130mMin0--21%FB1130min0
220 21% FB2130min 0234 21% FB 1130 min 0233 21% FB 11 30
min 5230 21% FB 1 1 30 min 50 233 21% FB 1 1 30 min 60 238 21% FB 1
130 min 92 234 21% FB 1 1 30 min 1368245 21% FB 1 1 30 min 220 246
21% FB 1 1 30 min 339 248 21% FB 1 1 30 min 700 256 21% FB 1 1 30
min 0 273 21% FB 1 1 30 min 50 218 21% FB 1 1 30 min 0 275 21% FB 1

130
21%
FB 1
effec
addit

M 30236 0.018%S L 21%FB 1 1 S 30 min 0233 0.02%Renzalk
FB 11 CI30 min 0237 21%FB 1 0.1%SLS 30 min 0 163 5% 1%
1 Lecithin 30 min 0 235_21% FB 1 1% F68 30 min 0 655 -35 Initjal %
i Twe ve|% % en otherTrWﬁIing Time diamet Z -{Com. PYP 108 80
ves time dé’(ﬁ/s er(y(’nm) iy other milling Time diamet
Z-Com. | PVP | F108 80 additives time (days) | er (nm)
1%

21% FB 1 1 PEG400 30 min 0 308
10%

21% FB 1 1 Trehalose | 30 min 0 295
10%

21% FB 1 1 Trehalose | 30 min 0 236
10%

21% FB 1 1 Trehalose | 30 min 0 237
5%

21% FB 1 1 Mannitol 30 min 0 247
5%

21% FB 1 0.5 Mannitol 30 min 0 260
5%

21% FB 1 1 Mannitol 30 min 0 247
5%

21% FB 1 1 Mannitol 30 min 15 268
5%

21% FB 1 1 Mannitol 30 min 44 278
5%

21% FB 1 1 Mannitol 30 min 86 310

23% HCI 1 1 3hr 122

23% HCI 1 1 3hr 117

23% HCI 1 1 3hr 120

23% HCI 1 1 3hr 126

23% HCI 1 1 3hr 52 142

23% HCI 1 1 3hr 85 136

23% HCI 1 1 3hr 123 142

23% HCI 1 1 3hr 0 106

23% HCI 1 1 3hr 17 113

23% HCI 1 1 3hr 26 113

23% HCI 1 1 3hr 48 122




21% FB 1 1 PEG400 30 min 0 308 10% 21% FB 1 1 Trehalose 30 min O
295 10% 21% FB 1 1 Trehalose 30 min 0 236 10% 21% FB 1 1 Trehalose
30 min 0237 5% 21% FB 1 1 Mannitol 30 min 0 247 5% 21% FB 1 0.5
Mannitol 30 min 0 260 5% 21% FB 1 1 Mannitol 30 min 0 247 5% 21% FB
1 1 Mannitol 30 min 15 268 5% 21% FB3% 1 Mannitol 30 min 44 278 5%
21% FB 1 1 Mannitol 30 min 86 310 23%HCI 113 hr0122 23% HCI113
hr0117 23% HCI113hr4120 23% HCI113hr7126 23% HCI113hr

52 142 23% HCIr 1 1 3 hr 85 136 123% HCI L T 3 hr 123142 23%sdrC
hr 0106 23% HCI113hr 7,113 23% HC| 11 3 h126 113 2394 HQ
hr 48 122 -36 Initial (% effecgti_ Twe ve % % en other milling Time diam
Com| PVP F108 80 additives tifie| (days) er nm) _ e
% % en other milling Time diamet
Z-Com. | PVP | F108 80 additives time (days) | er (nm)
23% HCl | 1 1 3hr 81 129
23% HCl | 1 1 3hr 119 120
23% HCl | 1 1 3hr 328 138
23% HCl | 1 1 3hr 700 160
23% HCl | 1 1 3hr 0 122
23% HCI 1 1 3hr 0 122
23% HCI 1 1 3hr 14 133
23% HCI 1 1 3hr 45 161
23% HCI 1 1 3hr 78 154
23% HCI 1 1 3hr 116 144
23% HCI 1 1 3hr 206 148
23% HCI 1 1 3hr 325 157
23% HCI 1 1 3hr 700 175
28% Mes | 2 0.5 6 hr 376
28% Mes | 2 0.5 4 hr 339
28% Mes | 2 0.5 3hr 406
28% Mes | 2 0.5 3hr 444
28% Mes 2 0.5 3hr 50 415
28% Mes | 2 0.5 3hr 60 407
28% Mes | 2 0.5 3hr 92 518
28% Mes | 2 0.5 3hr 130 485
28% Mes | 2 0.5 3hr 339 525
28% Mes | 2 0.5 3hr 700 609
28% Mes | 2 0.5 6 hr 0 376
28% Mes | 2 0.5 6 hr 3 354
28% Mes 2 0.5 120 min 0 481
28% Mes | 2 0.5 120 min 40 452
28% Mes | 2 0.5 120 min 47 509

1113
1113
et Z-

Column 1 is ziprasidone compound — selected from free base,

mesylate salt or hydrochloride salt



23%HCI 113 hr81129 23% HCI 113 hr119 120 23% HCI 11 3 hr 328
138 23% HCI 113 hr 700 160 23% HCI 113 hr0122 23% HCI113hr0
122 23% HCI 113 hr14 133 23% HCI113hr45161 23% HCI113hr
78 154 23% HCI 113 hr116 144 23% HCI 11 3 hr 206 148 23% HCI 11
3 hr 325157 23% HCI 11 3 hr 700 175328%Mes 2 0.5 6 hr 0 376 28% Mes
20.54 hr0339 28% Mes 2 0.5 3 hr 0 406 28% Mes 2 0.5 3 hr 5 444 28%
Mes 2 0.5 3 hr 50 415 28% Mes 2 0.5 3 hr 60 407 28% Mes 2 0.5 3 hr 92
518 28% Mes 2 0.5 3 hr 130 485:,28H%eMes 2 0.5 3 hr 339 525 28% Mes 2

0.5 3 hr 700 699, 25% MeSmAnd8 NaeAfadfotMes 2 Gag hr 3 354 28%
Mes 2 0.5 1 o—"—mmw—r&-o?élwﬂaz—z@ .
120 min 47 568°E8IEMN T Zipralidshe cSRpound - sePectedzﬁraS' ?ree
base "$nBBAHt S IR HYHPE CHSHGE ERIFeS7 9@)85%&!?9 TSHEIAATEN of
Formedireigrerte 296 Ziprasidone Free Base) A coarse suspension was
prepared byrplasing.24 B tme Meikses ghostutifie a dhaselinf i 10 antmilling
chambep wittidB:Ad 952 Rf silRGIMEERRE0 Misigim RAYIaRbsads).

injection was added to the milling chamber. The above mixture was stirred until

uniform suspension was obtained. This suspension was then milled for 80 minutes
10 at 2100 RPM in a Nanomill-1 (Manufacturer Elan Drug Delivery, Inc.) and the
temperature during milling was maintained at 4C. T he resulting suspension was
fitered under vacuum to remove the milling media and the suspension
characterized by microscopy and light scattering as described in example 1.
The filtered suspension was filled (2.5 ml) into flint vials. The vials were
15 sealed with a rubber stopper and an aluminum seal was crimped on the stopper.
The filled vials were sterilized for 15 min at 121 in a steam sterilizer. The
suspension after sterilization was characterized and particle size measured by light
scattering. The following table shows particle size stability of the 42% ziprasidone
free base formulation after milling and following autoclaving.
20 Table D-7: Mean Particle Size of 42% Formulation | After Milling and

Following Autoclaving.

Mean particle size, D[4,3] (nm)
After milling 262 nm
After Sterilization 384 nm
Example 16

Sterilization and Storage Stability of an Exemplary Formulation J Comprising

25 40% Ziprasidone Free Base

Formulation J was prepared as described in example 15. The filtered
suspension was filled (3 ml) into flint vials. The vials were sealed with a rubber
stopper and an aluminum seal was crimped on the stopper. The filled vials were
sterilized for 15 min at 121 in a steam sterilizer. The suspension after

30 sterilization was characterized and particle size measured by light diffraction. The
filled vials were stored at 5, 25, and 40C and sampled at various times to
determine particle size and stability of the suspension. The following table shows
particle size stability of Formulation J during autoclaving and upon storage of the

sterilized formulation.



To this, 10.44 ml of 10% Tween(r) 80 solution, 10.44 ml of 10% Pluronic(r)
F108 solution and 5.22 ml of Lecithin were added. In addition, 13.8 ml of
water for injection was added to the milling chamber. The above mixture was
stirred until uniform suspension was obtained. This suspension was then
milled for 80 minutes 10 at 2100 RPM in3§-Nanomill-1 (Manufacturer Elan
Drug Delivery, Inc.) and the temperature during milling was maintained at
4C. The resulting suspension was filtered under vacuum to remove the
milling mediarand she metspengiersishanasializrd byericieseory and light
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Example 17

5

10

15

Preparation of 21% Ziprasidone Free Base Formulatio

n by High Pressure

Homogenization and Storage Stability of the Formula

tion

A coarse suspension was prepared by placing pre-ground 17.71 gm

ziprasidone freebase in 250 mL bottle with 8.4 mL of each, 10%w/v Pluronic F108
and 10%w/v Tween 80 and 55.6 mL of water. The suspension was placed in a
cooling bath set to 5°C. The high pressure homogenizer (Manufacturer Avestin,
Inc.) was cleaned and primed with water at full open setting. The suspension was
pumped for three minutes under the full open condition of the homogenizer during
which time it flowed smoothly. The pressure drop across the gap was then slowly
increased to 10,000 psi, and held for 5 minutes. The pressure drop across the gap
was then increased t015,000 psi, and was held here for 22 minutes. A sample of
the homogenized suspension was taken at this point from the recirculation vessel,
and homogenization was continued. The homogenization was stopped at 68
The

particle size of the final product samples was measured by laser diffraction

minutes at which time the formulation was pumped out of the homogenizer.



After milling 291 nm After Sterilization 279 nm Storage Time (days) post-
Temperature Mean patrticle size, D[4,3] sterilization (C) (nm) 75279 215
275 425280 845273 725277 2125274 4225276 8425270 740
276 2140273 42 40 275 84 40 271 Example 17 5 Preparation of 21%
Ziprasidone Free Base Formulation by Figth Pressure Homogenization and
Storage Stability of the Formulation A coarse suspension was prepared by
placing pre-ground 17.71 gm ziprasidone freebase in 250 mL bottle with 8.4

mL ofigaedia My dlurasis&h0skandsHQ%e s weenSapardise. @dal of
WaterbaEQ%&Mﬁﬁﬁ&ﬁ'wQsV\@% Macsﬁem %&998894{%9 bagh sef 19 51% ddagchigh

press“re nomogenizer ( fs‘l}’w Ct“L%Bé"S&M‘n i) was clea ’le ‘”f‘”d primed
with water a?rfu op en se e pension was pump ed 1o

minuf¥¢ghderiite fﬁ" 6'ﬁ5n"‘i‘?6%aiﬁ'2ﬂ?r8?' tAY! rfé'mweﬁ“?e?%‘?ﬂﬂ‘@d \;\WII&PI time it
flowedisrrsothl§2ITGe pPressutecldvep derovssrthelgap wasabiiin siendyand
increaspabtedlitr Qe deskirNdNaglal o B KERS. of i Preskike & 0RsaGross
the ggp ggﬁowﬁgtgg%rbigcreased tol 5,000 psi, and was held here for 22

minutes. A sample.of rlaé?deosf?% E% & SUSpEnsionwas taken at this point
from the recir cu ation vessel, an r\ﬁogenlzatlon was contlnued The

homogen|§5‘?8ﬁsm%%ﬁ5’5%031p%arr‘?ﬂﬁﬁ@%h£f SRHICH ERPE & 8 Pmulation

was pumped out of the homogeniger. The ppartiers Sprecisfdae final product
samples was$ measured by laser dliffraction -B9- (Matueyn Mastgrsizer). The
mean particlersigdrl4, dbgrf2d YR asiglg e free dysigg formulation was
356 nm after-hemogenization—2--A-lofthe-above—fopmulation-and 0.3 mL of
5%wl/v aque us%%rgﬁws ermzat'or} lled into 5 ml]vials an
After sterilization 0 379
5 14 392
5 28 393
5 56 378
5 84 392
0 379
30 14 383
30 28 384
30 56 380
30 84 379
10
Example 18

Preparation of a Dry Lyophilized 21% Ziprasidone Fr __ee Base Formulation

Lyophilization Process

The 21%wl/v Ziprasidone freebase nanosuspension was prepared by

15 methods described in examples 7 and 8. Batch of 27%w/v Trehalose, 1%w/v
F108, 1%w/v Tween 80, and 0.5%w/v Lecithin in water was used as diluent to
prepare the samples for lyophilization. The formulation and diluent were combined

in a ratio of 3 volumes of diluent to 1 volume of 21% formulation and were gently
mixed. This resultant suspension was filled using a 0.5 mL fill volume into 5 mL

20 and 10 mL glass vials and stoppered at the lyophilization position. These vials
were then placed into the FTS LyoStar freeze-drying unit, and the following thermal

program was run:



swirled to mix. All vials were stoppered and crimped and autoclaved for 15 5
minutes at 121C. The autoclaved vials were placed in stability ovens and
monitored for particle size. The patrticle size stability of the formulation is
listed in the following table D-9. Table D-9: Particle size stability of
autoclaved 21 % ziprasidone free base-ffinosuspension prepared by high
pressure homogenization. Mean Patrticle Size (nm) Temperature (degree C)
Time (days) D[4,3] Before sterilization 0 356 After sterilization 0 3795 14

392 5 28 393 §afe3 (RreB8thed% 0 B0 AR Min28:188¢8 3 RE380
3084 379 10 Ex; r;ra_pﬁolgifreparatlon of a Dry Lyophilized 21% Ziprasidone

Free Base Formulation Lyophilization Process The 21%w/v Ziprasidone

freebase narlosUENEhYTA WHE'Hehdred By 4% Methds addchindy itr®
examples 7 an@BrBattheef@ 200Q/0Trehalose, 1%w/v F108, 1%w/v Tween
89, and 0.5%whndiecithire itawatesiwas/mseebias dilbaatitoqaepase trerr
samples for lyopRhilizatigyd e, formulation and diluent were combined in a

ratio of 3 volumes ot dient (o volume of 2136 formulation apuiers gently
mixed. This Tesultant SUS ension was fled using a 0’5 me filvolume into 5
mL 20 and 10 Al B558"Vidl<"4hd stoppered at the lyophilization position.
These vialsSweételtiee ngracetk bt e T Sok b Star tfrée26-ahy it oxirvrand

tioe following theimmald pragsamca@sainanddly thdebelves were cooled at 0.2
C/min (for 3% fﬂ@z&%rﬂﬁb(‘cﬁﬂd \W%dw’aﬁtﬁg@ogtgg&(ﬁnignd the vials were
stoppered and crimped. They were then placed in the refrigerator for storage.

The dry cake in the vials were reconstituted with the same volume as the
initial fill with either 0.5 mL of water or 0.5 mL of 1%w/v F108, 1%w/v Tween80,

15 0.5%w/v Lecithin in water (the formulation vehicle). These vials were swirled, upon
which the cake wetted and reconstituted into a milky white suspension easily.

In order to determine if this Iyophile could also be reconstituted to a higher
concentration, the cake was reconstituted with 0.125 mL of water to result in 21%
concentration equivalent to the initial drug level. The cake wetted and

20 reconstituted into suspension easily as well. The reconstituted suspensions were
then analyzed for particle size by Laser Diffraction. The particle size results are
listed in the following Table D-10. A refrigerated, non-lyophilized suspension

served as the control.



2) Shelves were warmed at 1 C/min (for 10 min) to -30 C and 150 mTorr and
held for 2000 min. 5 3) Shelves were warmed at 1 C/min (for 40 min) to 10 C
and 150 mTorr and held for 720 min. 4) Shelves were warmed at 1 C/min
(for 20 min) to 30 C and 150 mTorr and held for 720 min. 5) Shelves were
cooled at 1 C/min (for 15 min) to 15 C arfd-150 mTorr 10 and held until cycle
could be manually ended. The freeze-drying cycle was manually stopped,
and the vials were stoppered and crimped. They were then placed in the
refrigerator ferstoragerdig-dyreake-lilr@isuerR resasstituted with the
same volume as the initial fill with gjther 0.5 mL of water or 0.5 mL of 1%w/v
F108, 1%w/vTween80, 15 0.5%w/v Lecithin-in-w. ion
vehicle)| These vials el '8Riea tponSRAFERHE" o
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Water 0.125mL Yes 358 -42- Example 19 Pharmacokinetic Study in Dogs
Comparing Unmilled and Micronized Ziprasidone Free Base and its salts to
Ziprasidone Free Base and salt Nanoparticles 5 Pharmacokinetic studies
were conducted with various particle sizes of ziprasidone freebase, and its
salts in aqueous suspension formulation$?to determine the effect of particle
size on PK performance of the drug in-vivo. Ziprasidone free base and salt
formulations with a mean effective diameter of less than 1000 nm showed
significantly higher exposure (Averaggigdepot levels and 10 Area under the

curve) thanaaiaiRhlalionsyibatisleslke diinhanAanthisher AUC
and aver?ge ddERg F.Levgl%)e ang?tsrsg D&, /_Iplr%élgorr%senﬁgde_g ork’ngl Examples

1- 16 TaUIE U-1 1. FllallTiaCOKITIEUCS O ZIPTrasidorie 1l L)Ug

Administration of 15 Various De}R¥ISGSations. Reported values are
nteansd of bardergsindgtiersindledioreEffottvced gde gRRUCPaiRkANZage C.
diameigadodéprasicen, natymk Depotin mlemeasuspaciive Gr@widiameter

MLOLikevale e arkal 4294384 SA0Ch1 FA0RHARARBO AARI%Znranigone
097 ElosBass LA LoDl BA0R. AR TUSENAR, 200 A% keeitnin

21% 260 420 58 % iprasidone O Free Base with 2%
and hf{% howed S|gn|f|cantly higher ‘'exposure (Average depot levels and

10 Area under the curve) than a formulations with particle size greater than 5 pm
(higher AUC and average depot levels). See Table D-11, presented in Working
Examples 1-16.

Table D-11. Pharmacokinetics of Ziprasidone in Dog Following IM Administration of

15 Various Depot Formulations. Reported values are mean+sd of n=4 dogs.
Formulation Effective Dose of AUC g.int Average Crnax
diameter or | Ziprasidon | (ng.h/ml) Depot (ng/ml)
mean e active (Cizw)
diameter (mq) Levels
(nm) (ng/ml)
42% 384 840 117408431 243186 495498
Ziprasidone 097
Free Base
with 2%
Pluronic
F108, 2%
Tween 80
and 0.5%
Lecithin
21% 260 420 58300+649 110+23 146435
Ziprasidone 0
Free Base
with 2% PVP
and 0.1%
SLS
21% 231 420 626004940 100+15 180485
Ziprasidone 0




21% 231 420 62600940 10015 18085 Ziprasidone 0 -43- Formulation
Effective Dose of AUC o.;fli Average Cyr diameter or Ziprasidon n .h/ml
Depot n /ml mean e active C1.3w diameter mL91 Levels nm n/ml Free
Base with 1 % Pluronic F108 and 1% Tween 80 21% 911 420 64400780
10519 389231 Ziprasidone 0 Free Basé3with 1 % Pluronic F108, 1%
Tween 80 and 0.5% Lecithin 23% 113 420 53800110 7814 211168
Ziprasidone 00 Hydrochloride salt with 1% Pluronic F108 and 1 % PVP

28%
and
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116439
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Free Base

and 0.1%

4660

I
o

40000+670
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Ziprasidone Free Base, 1.5% NaCMC and 0.1% -44- Formulation Effective
Dose of AUC o.;fli Average Cyr diameter or Ziprasidon n .h/ml Depot n /ml
mean e active C1.3w diameter mL91 Levels nm n/ml Tween 80 agueous
suspension 28% 3610 420 38900160 5527 7340 Micronized O Ziprasidone
Mesylate salt, 0.1 % Twee n 80 aqueod$- suspension 28% 10660 420
31400110 4330 6038 Ziprasidone 00 Mesylate Nominal size aqueous
suspension All mentioned documents are incorporated by reference as if

her

exel
inter
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emb
limit
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Atiopsesfs- GLAIMS:
suspension
28% 3610 420 38900+160 55+27 73440

Micronized 0

Ziprasidone
Mesylate salt,
0.1% Tween
80 aqueous

suspension
28% 10660 420 314004110 43430 60+38

Ziprasidone 00
Mesylate-
Nominal size
agueous
suspension

All mentioned documents are incorporated by reference as if here written.
When introducing elements of the present invention or the exemplary
embodiment(s) thereof, the articles “a,” “an,” “the” and “said” are intended to mean

[LNTH

that there are one or more of the elements. The terms “comprising,” “including”
and “having” are intended to be inclusive and mean that there may be additional
elements other than the listed elements. Although this invention has been
described with respect to specific embodiments, the details of these embodiments

are not to be construed as limitations.
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mean
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1. An injectable depot pharmaceutical formulation comprising: a) a
pharmaceutically effective amount of a compound selected from the group
consisting of ziprasidone free base or a pharmaceutically 5 acceptable salt
thereof, the compound in the form of nanoparticles having an average
particle size of less than about 2000 nn7*B) a pharmaceutically acceptable
carrier; and c) at least two surface stabilizers; wherein at least one of the
surface stabilizers is adsorbed on the surface of 10 the nanoparticles, and
wherein the combined amount of the gyiage stabilizers is effective to

maintain thg aver%ﬁn&%&lﬁ@déﬁ%ﬁpﬂ%ﬁ&c&ﬁl@&FP&FM%%% Eonlig,fgrmulation

according to clalm where at eastt e he surface s}ablllzers ar
armaceunca eCtl\)ée amount Ia aomp un
adsorbed on the st rface of the nanoparticle An |njectab e

pharrﬁ%%%%ﬂuE%inES‘ﬁﬁ(ﬂﬁ%ﬂ”é‘é‘fﬂ%ﬂ%ﬁ?@aﬂd‘i@ 6ﬁ%ﬁ?ﬁ§c&ﬁu&%ﬂ[§7‘%‘ﬁé&‘fﬂ)&
amouasteizbleorp diapisahecteddeord #iphasieloneffregonsaseahdviag an
pharmacaysticailcacespiadiensakivthereod,ihe compound in the form of
nanoparticles havigg an ayesagRactislaszrot le@ssthany about 2000nm; and
a pharmaceutlcalgj acceaqyggl[emmearce@té%ﬂg&ectabIe depot pharmaceutical

formulation accordln% to claim 2 com I‘ISI at |least one surface
lr%r &T ?ne of the surf’ace st |I| |s adsorbe on thle surface
stabilizer. 5. Tormuiation asin any one i prece claims, w ereln

e dﬁmﬂmt'%eér%f’am?“@thFrfé?rf@FPﬁﬁl%[ﬂ?Hﬁ“a‘g fhea%‘if%?ﬁé%*f Hﬁﬁﬂ% 1-5,
whereéfiedive o ambfFrticleserrpeeaick\snagdparicrarsirs of less than about
1000 nm. 25.7. Thenéaomulatipnaasitirane cbielaimsded, svhereinshg amount

by weighlcQldhf,&9RIPaUEbE Bh iRastalewl deXarlyaneigt of the total
volume of the fo“err”fﬂHé)c“ab% Eh LEﬂlWr%tégﬂl 'f&r%ﬂ%t% claimz

Whereln the amount e com oun is from a out O%% Welght
15 o BT AP a?mw oL 4P UBRANL"BF S TS CLaee
formfatfor' a8 H'i‘aéﬁ?cé\"f@ﬂf/ é%ﬁﬂ@ﬁ'??%ihtaese@‘, WherBRPgHEn Sfetlffér%ﬂfrface
stabilizersagiced deted froravthra g radplesiasistirrgsoharyaitalti 268@m; iafmxtors,
anionieasutaotrAlE acaienie stactants, amphoteric surfactants, non- ionic
Surfactants and polympres Hacansrard WhssRIARAARLRIDS Slarface 35

%abllgzg eleﬂeeacétfg%ns lmacggpa%ﬁ) %Pnsnstlng of anionic surfactants,

cationic sur ac ants, amphoteric suré\ctants non-ionic surfactants and
Sfor ulation as in any one of the preceding claims, wherein the

polymeric Surfactdht
compound is crystalline.

6. The formulation as in any one of claims 1-5, wherein the
nanoparticles have an average particle size of less than about 1000 nm.

25 7. The formulation as in one of claims 1-6, wherein the amount by
weight of the compound is at least about 15% by weight of the total volume of the
formulation.

8. The formulation as in one of claims 1-7, wherein the amount by
weight of the compound is from about 20% by weight to about 60% by weight of

30 the total volume of the formulation.

9. The formulation as in any one of claimsl, 2, and 5-8, wherein one
of the surface stabilizers is selected from the group consisting of crystallization
inhibitors, anionic surfactants, cationic surfactants, amphoteric surfactants, non-
ionic surfactants and polymeric surfactants; and wherein another of the surface

35 stabilizers is selected from the group consisting of anionic surfactants, cationic
surfactants, amphoteric surfactants, non-ionic surfactants and polymeric

surfactants.



-46- 10. The formulation as in any one of claims 1, 2, and 5-8, wherein: one
of the surface stabilizers is a first surfactant and said first surfactant is
selected from the group consisting of polyvinylpyrrolidone and Pluronic(r)
F108; and another of the surface stabilizers is a second surfactant and said
second surfactant is 5 selected from thefroup consisting of sodium lauryl
sulfate, polyoxyethylene (20) sorbitan mono-oleate, Pluronic(r) F108 and
Pluronic(r) F68. 11. The formulation as in one of claimsl, 2, and 5-10,
comprising g thirdreuiféasgastakiizemydeindhe thirdsyustacenstabibzer is a

third gurfacignt. ﬁL%ﬁIzeeﬁjszQQ“fﬁ‘&?sQFfQHQnPQH'c?@F&‘SHeréﬁ%iﬁm?s“gaected
benz Ikoq]um chloride, 1 n |n ec ?ble de mcg‘rll?gseutlganother

rou con3|st|n o] I‘I‘O one, an
formuiation” @om%rlsm p HN 2 ically e fective amount

compduhd S%fi‘é%tgﬂbﬂ‘%ﬁﬁ tﬁé‘gst‘?fﬁﬁdcﬂﬁ@%ﬁ?fgam‘ z“ﬁi?'a%‘i%ﬂesﬁ‘@ét%éé
Zipraskikaire s yhateroam dopiiriasidd aedhiydiesehiride, teyeosipuadai the
form edrbianopartickesehavingc@nagerageuparticissize of less than about

1200 nm; 131b) waterisnandlist auiifes Sebilirer adsaibedorothgiskgface of

the rlﬁ\FbOQQFA'Qe&atﬁ\l}Qrd%ﬁeﬁe%%dtﬁwfaﬁ%c%tas@%%r Y¥*}P'Eﬁ'1l9 hig2Eeunt by
weight o t e comgoun Is from a 0% 20w 3’1 rhto about 60% by

Welgﬁ'{3 UCRBIE] PoTHY Po}?ﬁ'm'gt%'ﬂ \?vzgl}(é)f]ﬁu &SN Gunt by weight of

&first surfaéé stab‘fﬁi@?ﬁ??%ﬁ%p&b@ﬁf”@@%% SEBIRIONFYEG Ieight of the
total volume of theeformatibrimadegtieiflytréfentivouatnbyniveight edrapsetbnd
surfaeesstabilizertis frowp abewkiing dt Zortci@neuie2.0hSe, hyragight akihierdotal

volumgofitheidermkatensairdird WHES&R AmeustPithenbrakiertiagang
stablI%earvgggetpgt%wgw&q&mﬁag %gntdrnglqgce stabilizer are together

effective to maintain the average particle size of the nanoparticles. 13.
f\lr’anopartlcles of z%raad’é‘)ﬁ% 'free base or a pharmaceutically acceptable
ziprasidone salt, vwhich nafihartfefessialiecaqdso@rdgrn gartriease, 8 dfe30
aboun2pewesoriess. 14. Nanoparticles according to claim 13 comprising at
least one surfacegtabilizeeadseukect entheir surfaces. 15. Nanoparticles
according tQ,claim dé cRRRTISINGAhleashingrRuliRCR S@hilizarsadseybed on
%e” %%fgﬁﬁg%béﬁ 60% by weight of the total volume of the formulation;
wherein the amount by weight of a first surface stabilizer is from about
0.5% to about 2.0 % by weight of the total volume of the formulation;
wherein the amount by weight of a second surface stabilizer is from about
0.1% to about 2.0 % by weight of the total volume of the formulation; and
25 wherein amount of the first surface stabilizer and the amount of the second
surface stabilizer are together effective to maintain the average particle size of the
nanoparticles.
13. Nanoparticles of ziprasidone free base or a pharmaceutically
acceptable ziprasidone salt, which nanoparticles have an average particle size of
30 about 2000 nm or less.
14. Nanoparticles according to claim 13 comprising at least one
surface stabilizer adsorbed on their surfaces.
15. Nanoparticles according to claim 14 comprising at least two
surface stabilizers adsorbed on their surfaces.
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